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PREFACE 


The  aviation  environment  has  always  contained  many  toxic  materials  and  products. 

With  the  evolution  of  more  advanced  aircraft  propulsion  mechanisms,  specialised  aircraft 
material  development  and  associated  maintenance  activities,  there  has  been  a  major  increase 
in  the  potential  toxic  hazards  associated  with  these  systems.  The  threat  of  toxic  exposure 
covers  the  entire  spectrum  of  low-level  continuous  or  intermittent  to  high-level  brief 
accidental  or  unavoidable  exposures. 

However,  the  protection  of  the  crew  and  passengers  is  not  the  only  concern  in  dealing 
with  the  toxic  hazards  in  aviation.  Responsibilities  include  research  to  address  the  biomedical 
aspects  of  occupational  health  and  safety  standards,  toxic  substances,  environmental  impact 
criteria  and  classification  of  transportation. 

Papers  presented  at  the  Aerospace  Medical  Panel’s  Specialists’  Meeting  held  in  Toronto, 
Canada,  15-19  September  1980. 
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RAMJET  FUEL  TOXICOLOGY 


Kenneth  C.  Back,  Ph.D. 

Chief,  Toxicology  Branch,  Toxic  Hazards  Division 
Air  Force  Aerospace  Medical  Research  Laboratory 
Wright-Patterson  Air  Force  Base,  Ohio  45433 


SUMMARY 

New  aircraft  and  ramjet  fuels  are  being  developed  which  contain  high  density  compo¬ 
nents.  These  fuels  contain  isomers  of  perhydromethylcyclopentadiene  (RJ4),  reduced 
dimers  of  bicyclohepadiene  (RJ5),  a  tricyclodecane  compound  (JP10)  and  methylcyclohexane. 
Methylcyclohexane  is  by  far  the  most  volatile  of  the  constituents  studied  having  from  100 
to  1500  times  more  vapor  pressure  than  the  other  components.  This  fact  is  paramount  to 
considerations  of  relative  hazards. 

Each  of  the  compounds  have  been  studied  for  their  acute,  subacute,  and  chronic 
toxicity.  The  agents  are  of  low  order  toxicity  from  acute  exposure.  Chronic  toxicity 
studies  were  run  on  RJ4,  RJ5,  and  JP10  using  rats,  mice,  dogs  and  monkeys. 

The  results  of  these  studies  demonstrate  the  low  order  of  toxicity  of  these  constit¬ 
uents.  Kidney  and  liver  hyperplasia  in  RJ4  exposed  rats  and  pulmonary  irritation  in  dogs 
and  monkeys  exposed  to  RJ4  and  RJ5  emerge  as  the  salient  results  of  these  studies. 
Although  there  is  some  indication  of  increased  tumor  incidence  in  a  small  number  of  mice 
held  for  one  year  after  exposure  to  near  saturated  RJ5  vapors,  there  is  no  clear  cut 
evidence  that  this  compound  is  carcinogenic.  The  finding  of  respiratory  irritation 
should  be  considered  relative  to  possible  human  experience  of  chronic  exposure  to  RJ4  or 
RJ5.  Due  to  their  low  vapor  pressures,  the  inhalation  hazard  (the  probability  of  injury 
in  use)  is  extremely  low.  The  odors  of  RJ4,  RJ5,  and  JP10  are  extremely  objectionable 
and  it  is  doubtful  that  workers  would  tolerate  concentrations  far  less  than  those  used  in 
these  studies.  These  fuels  show  a  relatively  low  order  of  toxicity  in  experimental 
animals  and  are  judged  to  be  of  low  inhalation  hazard  to  man. 


Our  Laboratory  and  the  US  Navy  Toxicology  Unit  of  the  Naval  Medical  Research  Institute 
have  been  performing  work  on  the  toxicology  of  various  constituents  of  ramjet  fuels  as 
well  as  conventional  jet  fuels  since  the  late  1960s.  This  paper  will  attempt  to  present 
the  data  necessary  to  formulate  the  relative  hazards  of  these  compounds  and  relate  those 
hazards  to  those  found  with  the  well  known  US  Air  Force  aircraft  jet  fuel,  JP4. 

The  formulation  for  JP9  (ramjet)  fuel  was  originally  a  mixture  of  707.  RJ4,  207.  RJ5 
and  107.  methylcyclohexane.  Later  RJ4  was  replaced  by  JP10  in  the  formulation.  RJ4  (TH 
dimer)  contains  isomers  of  perhydromethylcyclopentadiene.  RJ5  is  a  mixture  of  reduced 
dimers  of  bicycloheptadiene  and  is  also  known  as  "Shelldyne  H."  JP10  is  a  tricyclodecane 
compound.  The  physical  properties  are  found  in  Table  1. 

Methylcyclohexane  (MCH)  is  by  far  the  most  volatile  of  the  constituents  studied 
having  from  100  to  1500  times  more  vapor  pressure  than  the  other  components.  This  fact 
is  paramount  to  considerations  of  relative  hazards.  MCH  has  low  oral  toxicity  in  the 
rabbit  with  the  lowest  lethal  dose  published  at  4. 0-4. 5  g/kg.  Treon  et  al.  showed 
fatality  in  rabbits  exposed  to  15,000  ppm  for  1  hr  but  only  some  weight  loss,  narcosis 
and  convulsions  at  10,000  ppm  (40  mg/ liter).1  Ten  weeks  of  5  hr/day  exposures  to  1162 
ppm  or  less  produced  no  toxicity  in  rabbits  but  3300  ppm  for  the  same  time  produced 
slight  kidney  and  liver  damage  (See  Table  2) . 

Due  to  a  paucity  of  chronic  exposure  data,  we  instituted  a  one  year  study  at  concen¬ 
trations  of  400  and  2000  ppm  on  an  industrial  work  week  schedule  of  6  hrs/day,  5  days/wk 
in  mice,  rats,  hamsters  and  dogs.  Data  have  been  compiled  to  20  months  post  exposure. 

The  most  significant  change  seen  was  an  effect  on  growth  and  weight  gain  of  the  hamsters 
during  exposure.  However,  within  two  months  following  exposure  the  animals  were  at 
control  level  weight.  This  decrease  in  rate  of  weight  gain  was  not  remarkable  in  male 
rats,  and  female  rats  at  the  high  dose  gained  somewhat  more  than  controls.  The  clinical 
chemistry  of  the  dogs  was  normal.2 

An  Emergency  Exposure  Limit  for  1  hr  was  determined  for  MCH.  Rats,  mice  and  trained 
dogs  were  exposed  to  various  concentrations  of  MCH  for  1  hr  and  observed  for  signs  of 
toxicity  for  28  days  post  exposure.  From  the  rodent  data  both  rats  and  mice  appear  to 
tolerate  well  an  exposure  of  approximately  4200  ppm.  The  rodents  indicated  no  loss  of 
coordination  or  other  sequelea,  and  pathology  28  days  post  exposure  was  negative.  The 
dogs  exposed  to  4071  ppm  produced  no  adverse  effects  during  or  after  exposure  for  the  28 
day  observation  period.  Clinical  chemistry  was  normal  throughout  and  neurological 
testing  revealed  no  exposure  related  effects.  Until  human  data  are  available  which  would 
indicate  that  man  is  more  susceptible  to  MCH  than  rodents  or  dogs,  there  is  no  reason  to 
believe  that  a  4000  ppm  concentration  of  MCH  would  prevent  man  from  self  rescue.  Further, 
subsequent  medical  sequelae  would  appear  unlikely.  3  The  current  TLV  is  400  ppm  (1600 
mg/m  ’)  with  an  STEL  of  500  ppm  (2000  mg/m  3)  .  11 


RJ4  (TH  Dimer)  is  an  extremely  odiferous  compound  but  not  very  toxic  even  at  air 
saturation  levels.  The  acute  oral  LD50  in  the  rat  is  greater  than  16  g/kg  and  the  i.p. 
LD50  is  3.2  g/kg. 5  The  compound  produces  respiratory  tract  irritation,  but  skin  and  eye 
irritation  studies  in  rabbits  were  negative.  Exposure  for  6  months,  6  hrs/da,  5  da/wk 
at  2  mg/ liter  (298  ppm)  produced  respiratory  irritation  in  monkeys,  dogs  and  rats, 
weight  depression  in  dogs  and  rats,  and  liver  and  kidney  hyperplasia  in  rats.6  Mutagenic 
potential  studies  using  microbial  assays  were  negative  as  was  the  mouse  lymphoma  test, 
and  dominant  lethal  assay.  Unscheduled  DNA  synthesis  tests  were  vaguely  positive  but 
risk  minimal.  The  oncogenic  potential  is  not  clear  cut  but  if  it  is  an  oncogen,  it  is 
most  certainly  of  low  potency.7  See  Tables  3,  4  and  5  for  details. 

RJ5  (Shelldyne  H)  is  also  very  odiferous  and  also  not  very  toxic.  The  oral  LD50  in 
the  rat  is  greater  than  16  g/kg  while  the  i.p.  LD50  is  3  g/kg.  It  also  produces  respira¬ 
tory  tract  irritation,  but  skin  and  eye  irritation  studies  were  negative  in  the  rabbit. s 
The  vapor  pressure  of  RJ5  is  such  that  0.15  mg/liter  (20  ppm)  is  near  saturation.  Six 
month  exposures  to  dogs,  monkeys,  rats  and  mice  produced  respiratory  irritation  in 
monkeys,  rats  and  dogs  and  weight  depression  in  dogs.6  Mutagenic  potential  studies  were 
similar  to  those  found  with  RJ4. 6  See  Tables  3  and  4  for  details.  Table  5  shows  that 
mice  held  one  year  post  6  months  exposure  to  20  ppm  RJ5  produced  more  tumors  than  control. 
Although  the  numbers  of  animals  are  small  and  the  mutagenic  potential  experiments  were 
negative,  those  data  red  flagged  the  possibility  that  RJ5  might  be  a  weak  tumor  producer. 6 

An  in-depth  study  is  now  in  progress  to  look  at  the  oncogenic  potential  of  this 
compound.  Rats,  mice,  hamsters  and  dogs  are  being  exposed  to  0.03  or  0.15  mg/liter 
vapor  for  1  year  using  an  industrial  type  regimen  of  6  hr/da,  5  da/wk.  At  7  months  into 
the  exposure  there  has  been  no  mortality  and  other  parameters  are  not  biologically 
changed  excepting  a  small  decrease  in  body  weight  gain  in  male  rats  but  not  female  rats, 
dogs  or  mice.6 

JP10  is  not  to  be  considered  acutely  toxic  by  accepted  toxicity  standards.  The 
single  dose  oral  LD50  could  not  be  determined  in  either  rats  or  hamsters,  both  being 
greater  than  20  ml/kg.  Mice  had  an  LD50  of  3.9  ml/k  with  convulsions  preceding  death 
which  occurred  within  48  hrs.  Eye  and  skin  irritation  studies  in  rabbits  were  negative. 

It  has  shown  to  be  a  mild  sensitizer  in  guinea  pig  sensitization  studies.  Four  hour 
LC50's  were  1221  ppm  in  male  rats  and  1194  ppm  in  female  rats.  The  mouse  4  hr  LC50  is 
approximately  900  ppm.  Symptoms  included  eye  irritation,  fine  tremors,  prostation,  and 
convulsions  followed  by  death.  Survivors  of  high  level  exposures  had  hind  quarter 
paralysis. 1 0 

Emergency  Exposure  Limits  for  10,  30  and  60  minutes  have  been  established  on  the 
basis  of  mouse,  rat  and  dog  exposures,  and  examination  of  pathology  (mouse  and  rat)  and 
performance  data  in  trained  dogs.  The  recommended  EEL’s  are  1000  ppm  for  10  min,  6 00 
ppm  for  30  min  and  150  ppm  for  60  min. 1 0 

Chronic  exposure  studies  of  JP10  fuel  using  a  100  ppm  concentration  for  1  yr  on  an 
industrial  exposure  regimen  of  6  hrs/da,  5  da/wk  were  instituted  using  rats,  mice, 
hamsters  and  dogs.  Mortality  of  the  treated  animals  during,  and  10  months  following 
exposure,  was  not  different  from  controls.  Weights  of  male  rats  and  hamsters  showed 
some  depression  from  the  exposure.  Female  rats  were  not  affected.  Dog  clinical  chemistry 
values  were  not  remarkable  and  all  dogs  held  to  date  (10  months  post  exposure)  are  in 
good  health.  These  animals  will  be  maintained  until  June  1984  for  study  of  oncogenic 
potential.11 

The  toxicity  of  JP4  jet  fuel  has  been  studied  rather  extensively.  The  acute  oral 
lethal  dose  in  the  rat  is  greater  than  8  g/kg.  The  6  hr  lethal  concentration  is  greater 
than  38  mg/liter.  It  is  a  positive  skin  and  eye  irritant  in  the  rabbit  and  produces 
central  nervous  system  depression,  lethargy  and  emesis  in  highly  exposed  individuals 
(Table  6). 

JP4  was  presented  to  dogs,  monkeys,  rats  and  mice  for  8  months,  6  hrs/da,  5  da/wk 
at  concentrations  of  either  5  mg/liter  or  2.5  mg/liter.  At  these  concentrations  the 
fuel  contained  25  ppm  and  12.5  ppm  benzene,  respectively.  Positive  control  animals  were 
exposed  to  25  ppm  benzene  using  the  same  exposure  times  as  the  JP4  and  control  animals. 
There  was  increased  incidence  of  red  blood  cell  fragility  in  female  dogs  at  the  5  mg/liter 
concentration  and  an  increased  incidence  of  chronic  bronchitis  in  rats  (Table  6) . 1 2 
The  tumorlgenic  response  was  not  dose  related  or  remarkable.  Further,  benzene  was  not 
remarkable  in  that  regard  (Table  7).  On  the  basis  of  these  data,  we  have  suggested  a 
standard  of  2.5  mg/liter  as  the  TLV.13>  1 ^ 

As  stated  before,  the  relative  vapor  pressures  of  the  individual  constituents  of 
JP9  are  extremely  important  in  assessing  the  hazard  associated  with  use.  Since  JP9 
contains  707.  JP10,  207,  RJ5  and  107.  MCH  we  have  determined  the  vapor  pressures  to  be 
approximately  as  follows  at  room  temperature  (70F) : 

MCH  9600  ppm  7  mm  Hg 

JP10  660  ppm  0.5  mm  Hg 

RJ5  66  ppm  0.05  nm  Hg 

If  one  adheres  to  the  ACGIH  10  hr  TLV  for  MCH  of  400  ppm,  the  breathing  zone  of  a 
worker  would  also  contain  27  ppm  of  JP10  and  2.7  ppm  RJ5.  The  exposures  for  JP10  and 
RJ5  would  be  at  least  an  order  of  magnitude  below  levels  necessary  to  see  effects  in 
laboratory  animals. 
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Since  workers  performing  engine  tests  would  not  likely  be  exposed  for  more  than  a 
few  minutes  per  day  if  proper  industrial  hygiene  procedures  are  used,  and  since  the 
odors  of  these  compounds  are  highly  objectionable,  the  inhalation  hazard  is  deemed  quite 
low. 


If  hygienic  procedures  use  MCH  as  the  marker  compound  for  monitoring  purposes,  the 
TLV  of  400  ppm  or  any  fraction  of  that  figure  downward  should  provide  safe  working 
conditions  for  test  purposes.  Further,  handling  of  these  compounds  should  not  pose  a 
hazard  markedly  different  from  handling  JP4  fuel,  when  the  low  vapor  pressure  of  the 
ramjet  fuel  is  taken  into  account. 


TABLE  1 :  PHYSICAL  PROPERTIES  OF  RJ  FUELS 


RJ4 

RJ5 

JP10 

MCH 

Empirical  Formula 

C12H20 

C14H20 

C10H16 

C7H14 

Molecular 

164 

188 

136 

98 

Vapor  Pressure  (70F) 

mm  Hg  0 . 354 

0.025 

0.50 

42 

Density  (70F)  g/ml 

0.925 

1.0813 

0.940 

0.7660 

TABLE  2:  METHYLCYCLOHEXANE 

ACUTE  TOXICITY 

Oral  -  Rabbits 

One  Hr  Inhalation  -  Rabbits 


LD  (Lethal  Dose)  =  4.0  -  4.5  g/kg 
LC  (Lethal  Cone  Lo)  =  15,000  ppm 


CHRONIC  TOXICITY 

Inhalation  -  Rabbits 

LC- 100 

(Lethal  Cone 

100) 

6  Hr/Da,  5  Da/Wk 

LC-  25 

(Lethal  Cone 

25) 

2  Wks 

LC-0 

(Lethal  Cone 

0) 

EFFECTS 

Slight  kidney  and  liver  damage  at  3,300  ppm  at  10  wk  exposure 
No  kidney  or  liver  damage  at  1 , 162  ppm  at  10  wk  exposure 
Eye  irritation  -  Positive 
Mucous  membrane  irritation  -  Positive 


10,000  ppm 
7 , 300  ppm 
5,6 00  ppm 


STANDARDS 

Threshold  Limit  Value  -  400  ppm  (1600  mg/m  3) 
Short  Term  Exposure  Limit  *  500  ppm  (2000  mg/m3) 


TABLE  3-.  RJ-4  (TH-DIMER) 

ACUTE  TOXICITY 


Oral 

Mouse 

Rat 

LD 

LD 

Lo  * 
50  > 

250  mg/kg 
16  g/kg 

Intraperitoneal 

Rat 

LD 

50  = 

3.2  (2.5 

4  Hr  Inhalation 

Rat 

LC 

Lo  = 

3200  mg/m 

EFFECTS 

Highly  objectionable  odor 
Respiratory  tract  irritation 

Eye  and  skin  irritation  studies  in  rabbits  -  Negative 

RJ-5  (SHELLDYNE  H) 

ACUTE  TOXICITY 


Oral 

Rat 

LC 

50  > 

16  g/kg 

Intraperitoneal 

Rat 

LD 

50  - 

3.0  (1.9  -  4.8)  g/kg 

4  Hr  Inhalation 

Rat 

LC 

Lo  > 

1969  mg/m  3 

EFFECTS 

Highly  objectionable  odor 
Respiratory  tract  irritation 

Eye  and  skin  irritation  studies  in  rabbits  -  Negative 


TABLE  4:  RJ4  AND  RJS  CHRONIC  TOXICITY 


EXPOSURE  PARAMETERS 

Exposure  Time  -  6  months,  6  Hrs/Da,  5  Da/Wk 

Exposure  Concentrations:  RJ4  -  2  mg/liter  (298  ppm)  near  saturation 

RJ5  «  0.15  mg/liter  (20  ppm)  near  saturation 
Animals/Exposure:  8  dogs,  4  monkeys,  50  rats,  40  mice 

EFFECTS 

RJ4  and  RJ5  -  Respiratory  irritation  monkeys,  dogs,  rats 

tlncidence  bronchitis  and  bronchopneumonia  in  dogs  and  rats 
RJ4  -  Weight  depression  in  dogs  and  rats 

Kidney  and  liver  hyperplasia  in  rats 
RJ5  -  Weight  depression  in  dogs 

ONCOGENIC  POTENTIAL 
Not  clear-cut 

If  oncogenic  -  low  potency 

MUTAGENIC  POTENTIAL  -  RJ5  AND  RJ4 

Microbial  assay  (Ames)  -  Negative 
Mouse  lymphoma  test  -  Negative 

Unscheduled  DNA  synthesis  -  Positive  (risk  minimal) 

Dominant  lethal  test  (mouse  and  rat)  -  Negative 


TABLE  5:  TUMOR  INCIDENCE  IN  MICE  EXPOSED  TO  RJ4  AND  RJ5 


FOR 

51  x""M(5nThs  ANb  HELb  ONE  YEAR  POSTEXPOSURE 

Tumors  in  mice  dying 
during  postexposure 

Sarcoma 

period 

CONTROL 

2/5 

RJ4 

3/6 

RJ5 

4/6 

Alveolargenic 

Carcinoma 

1/5 

0/6 

0/6 

Other 

0/5 

1/6 

0/6 

Tumors  in  all  mice 
Lymphosarcoma 

0/17 

0/18 

2/20 

Alveolargenic 

Carcinoma 

1/17 

0/18 

5/20 

Alveolargenic 

Adenoma 

0/17 

2/18 

0/20 

Bronchogenic 

Carcinoma 

0/17 

0/18 

1/20 

Hematopoietic 

Sarcoma 

2/17 

2/18 

3/20 

Myelosarcoma 

1/17 

1/18 

1/20 

TOTAL 

4/17 

5/18 

12/20 

ACUTE  TOXICITY 

Oral 

TABLE  6: 

Rat 

JP4  FUEL 

LD  Lowe  st  > 

8,000  mg/kg 

500  mg/kg 

38  mg/liter 

6  Hr  inhalation 

Mouse 

Rat 

LD  Lowest 

LC  Lowest  > 

EFFECTS 

Eye  irritation  -  Positive 
Skin  irritation  -  Positive 


CHRONIC  TOXICITY 

Exposure  time  -  6-8  months,  6  Hr/Da,  5  Da/Wk 
Exposure  Concentrations : 

JP4  -  5.0  mg/liter  (contains  25  ppm  benzene) 
JP4  -  2.5  mg/liter  (contains  12.5  ppm  benzene) 
Benzene  -  25  ppm 

Animals/Exposure : 

6  dogs,  4  monkeys,  50  rats,  40  mice 


EFFECTS 

JP4  -  Central  nervous  system  depression,  lethargy,  emesis 

t  Red  blood  cell  fragility  in  female  dogs  at  high  dose 
t  Incidence  chronic  bronchitis  in  rats 
Benzene  -  CNS  dep Mission,  lethargy 
JP4  and  benzene  -  Oncogenic  response  not  remarkable 


Bl-5 


MUTAGENIC  POTENTIAL 

Microbial  assay  (Ames)  -  Negative 
Mouse  lymphoma  -  Negative 

Unscheduled  DNA  synthesis  -  Non-specific  damage 
Dominant  Lethal  -  Preimplantation  loss  (Toxic) 
SUMMARY:  No  effect  on  fertility 

Minimal  genetic  toxicity 
Negative  for  mutagenic  potential 

SUGGESTED  STANDARD 

JP4  =  2.5  mg/ liter  TLV 


TABLE  7: 

TUMOR  INCIDENCE  IN 

ANIMALS  EXPOSED  TO 

JP4  OR  BENZENE 

For  six  months 

CONTROLS 

AND  HELD  ONE  YEAR  P0STEXP0SURE 

25  PPM  BENZENE  5.0  MG/L  JP4 

2.5  MG/L  JP4 

MOUSE  TUMORS 

Alveolargenic 

Adenoma 

3/19 

6/17 

4/16 

7/21 

Lymphosarcoma 

0/19 

1/17 

1/16 

2/21 

Mammary  Carcinoma 

0/19 

1/17 

0/16 

0/21 

Hepatoma 

1/19 

0/17 

0/16 

0/21 

Hematopoietic 

Tumors 

6/19 

1/17 

4/16 

3/21 

Thyroid  Carcinoma 

0/19 

0/17 

1/16 

0/21 

TOTAL 

10/19 

9/17 

10/16 

12/21 

RAT  TUMORS 

Mammary 

0/15 

0/16 

1/20 

0/18 

Thyroid  Adenoma 

0/15 

1/16 

0/20 

0/18 

Pancreatic  Islet 
Cell  Adenoma 

0/15 

1/16 

0/20 

0/18 

TOTAL 

0/15 

2/16 

1/20 

0/18 
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THE  TOXICITY  OF  GRADE  JP-5  AVIATION  TURBINE  FUEL,  + 
A  COMPARISON  BETWEEN  PETROLEUM  AND  SHALE -DERIVED  FUELST 

by 

LCDR  Morris  J.  Cowan,  Jr.,  MSC,  USN 
Naval  Medical  Research  Institute 
Toxicology  Detachment  (NMRI/TD) 
Wright-Patterson  AFB,  Ohio  45433 

and 


Lawrence  J.  Jenkins,  Jr. 

Toxicology  Laboratory 
Shell  Development  Company 
P.  0.  Box  822 
Houston,  Texas  77001 


SUMMARY 

During  the  past  six  years  the  United  States  Navy  has  been  active  in  the  development 
of  alternative  hydrocarbon  fuel  sources  for  military  use.  Considerable  interest  has 
been  focused  on  the  large  shale  reserves  in  the  Western  United  States.  The  recent  Navy 
refinement  of  100,000  barrels  of  shale  crude  provided  sufficient  quantities  of  fuels  to 
test  them  for  their  suitability  as  Naval  aviation  fuels.  In  order  to  assess  the  suit¬ 
ability  of  shale-derived  JP-5,  it  is  important  that  its  inherent  toxicity  be  identified 
and  that  the  comparative  toxicity  of  both  the  shale  and  petroleum  JP-5  be  identified. 

The  fuels  were  examined  toxicologically  from  three  standpoints:  (1)  As  a  liquid  acute 
spill  hazard  the  fuels  were  examined  for  ocular  and  dermal  irritation  potential  and  for 
skin  sensitization  potential.  (2)  Since  the  fuel  is  a  complex  mixture  of  aliphatic  and 
aromatic  hydrocarbons  each  exhibiting  different  vapor  pressures,  the  nature  of  any 
accidental  inhalation  exposure  will  be  dependent  on  the  concentration  of  low  boiling 
components  in  the  mixture.  The  fuels  were  examined  as  a  vapor  inhalation  hazard  by 
exposing  animals  continuously  for  90  days  to  vapor?  as  high  as  750  mg/m3.  Groups  of 
animals  were  examined  at  90  days  and  at  the  end  of  their  normal  expected  lifetime.  (3) 
The  fuels  were  examined  as  a  potential  oncogen  by  histopathologic  examination  of  the 
animals  exposed  for  90  days  and  held  for  a  lifetime.  Naval  Medical  Research  Institute 
Toxicology  Detachment  activities  to  identify  the  toxicity  of  petroleum  and  shale  JP-5 
fuel  will  be  reviewed. 


INTRODUCTION 

The  Navy's  principle  interest  in  non-petroleum  fossil  fuel  sources,  or  synthetic 
fuels,  has  been  to  determine  their  compatibility  with  naval  equipment  and  engines,  and 
their  suitability  as  naval  fuels’.  Suitability  includes  engineering  and  health  effects. 
Current  interest  in  synthetic  fuels  remains  focused  on  crude  shale  oil  derived  from 
surface  retorting  of  oil  shale  rock  from  the  Western  United  States.  The  Navy  has  partici¬ 
pated  in  an  interagency  effort  to  produce  and  refine  a  large  quantity  of  crude  shale  oil 
into  Military  Specification  fuels  for  subsequent  test  and  evaluation  .  Recently  these 
efforts  resulted  in  the  refinement  of  80,000  bbl  of  shale  crude.  In  December  of  1978 
shale  derived  JP-5  grade  aviation  turbine  fuel  was  made  available  to  the  Naval  Medical 
Research  Institute/Toxicology  Detachment  for  toxicology  testing. 

In  order  to  assess  the  suitability  of  shale  JP-5  it  was  important  that  the  toxicity 
of  the  fuels  be  characterized  keeping  in  mind  the  potential  personnel  exposure  hazards 
ashore  and  aboard  ship.  Comparative  data  on  the  toxicity  of  the  shale  and  petroleum 
fuels  were  necessary  to  assess  engineering  controls  and  work  procedures.  Unfortunately, 
little  data  was  available  on  the  dermal,  ocular  or  inhalation  toxicity  of  the  distillate 
fuels  used  by  the  Navy;  thus,  precluding  a  comparative  evaluation  of  the  presently  used 
petroleum  fuels  versus  shale  fuel.  The  lack  of  such  data  prompted  the  series  of  investi¬ 
gations  whose  status  I  will  report  on  today. 


MATERIALS 

But  first  I  would  like  to  spend  a  few  moments  discussing  the  fuels  used  in  these 
investigations.  The  first  table  shows  the  fuels  studied.  They  were  shale  and  petroleum 


+  Naval  Medical  Research  and  Development  Command,  Research  Task  No.  MF65572001.4009. 

The  opinions  and  assertions  contained  herein  are  the  private  ones  of  the  writer  and  are 
not  to  be  construed  as  official  or  reflecting  the  views  of  the  Navy  Department  or  the 
Naval  Service  at  large.  The  experiments  conducted  herein  were  conducted  according  to  the 
principles  set  forth  in  the  current  edition  of  the  "Guide  for  the  Care  and  Use  of  Labora¬ 
tory  Animals,”  Institute  of  Laboratory  Animal  Resources,  National  Research  Council. 
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TABLE  1 

FUELS  COMPARATIVE  TOXICITY  STUDY 


FUEL 

SOURCE 

Petroleum  JP-5 

Air  Force  Aero  Propulsion 
Wright-Patterson  Air  Force 

Laboratory 
Base,  Ohio 

Shale  JP-5 

100,000  bbl  Paraho  Crude, 
Refinement  (1978) 

Sohio 

I  JP-5  aviation  turbine  fuel.  The  shale  fuel  was  refined  from  crude  shale  oil  produced 

for  the  U.  S.  Navy  Energy  and  Natural  Resources  Research  and  Development  Office  by  the 
Tosco  Corporation.  The  crude  oil  was  refined  into  military  specification  fuel  by  Standard 
Oil  Company  of  Ohio  (Sohio).  The  petroleum  fuel  was  JP-5  available  at  Wright-Patterson 
Air  Force  Base  at  the  time  the  toxicology  studies  began.  The  military  specifications 
allow  for  quite  a  bit  of  variation  from  one  batch  of  fuel  to  another  as  is  evident  in 
Table  2. 


TABLE  2 

SOME  SELECTED  MILITARY  SPECIFICATIONS  FOR  JP-51 


Distillation  temp  °C 


Initial  B.P. 

— 

10%  recovery 

205 

End  point,  max  temp 

290 

Aromatics,  vol  %,  max 

25 

Olefins,  vol  %,  max 

5 

Sulfur,  total  wt  %,  max 

0.4 

Sulfur,  mercaptan,  wt  % 

.001 

Hydrogen  content,  wt  % 

13.5 

Freezing  point  °C,  max 

-  46 

Density,  g/ml  at  15°C,  min 

788 

,  max 

845 

Flashpoint,  °C,  min 

60 

1  Source:  MIL-T-5624K,  Turbine 

Fuel,  Aviation, 

Grades  JP-4  and  JP- 

•5,  1  April  1976 

JP-5 .  JP-5  is  a  high  flash  point  aviation  turbine  fuel  with  a  specified  distilla¬ 
tion  temperature  of  205°C  for  the  10%  recovery  point  to  Z90°C  for  the  end  point.2 
These  fuels  are  complex  mixtures  of  aliphatic  and  aromatic  hydrocarbons  each  exhibiting 
different  vapor  pressures.  Specifications  permit  up  to  25%  aromatic  hydrocarbons  and  5% 
olefins.  Substituted  phenols  or  amines  are  added  to  inhibit  oxidation. 

Both  fuels  met  military  specifications  with  minor  exceptions.  The  shale  JP-S  had 
0.21  volume  percent  of  fuel  system  icing  inhibitor  (ethylene  glycol  monomethyl  ether) 
when  the  military  specification  allows  only  0.15  volume  percent,  and  it  failed  the 
copper  strip  corrosion  test,  a  subjective  test  for  "troublesome  sulfur  compounds",  to 
quote  the  engineers  in  the  fuels  lab. 
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METHODS 

I'll  begin  the  discussion  of  toxicity  studies  performed  with  these  fuels  by  describ¬ 
ing  the  efforts  to  identify  ocular,  dermal  and  sensitization  potentials  of  the  fuels. 
Comparative  primary  dermal  irritation  tests  were  performed  on  both  fuels.  The  test  was 
a  patch  test  method  conducted  to  measure  the  degree  of  primary  dermal  irritation  of 
intact  and  abraded  skin.  Six  rabbits  were  used  for  each  fuel  sample.  The  samples  were 
in  place  for  24  hours.  After  removal  of  the  sample  patches,  the  test  areas  were  scored 
according  to  the  standard  Draize  technique.3 

Primary  eye  irritation  tests  were  performed  using  nine  rabbits  for  each  fuel.  A 
0.1  milliliter  sample  of  fuel  was  applied  to  one  eye  of  each  rabbit.  The  opposite  eye 
served  as  a  control.  Three  of  the  treated  eyes  were  flushed  with  water  approximately  JO 
seconds  after  treatment  with  the  fuel  in  order  to  assess  the  effectiveness  of  emergency 
treatment  techniques  in  preventing  eye  injury.  Irritative  effects  were  scored  at  24,  48 
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and  72  hours  using  the  Draize  technique.1  Dermal  sensitization  tests  conducted  on  the 
fuels  was  a  modification  of  the  Landsteiner  technique 11  in  that  the  size  of  the  irritated 
area  was  evaluated  as  well  as  the  intensity  of  the  irritation.  Twenty-four  guinea  pigs 
per  fuel  were  given  a  total  of  seven  sensitizing  doses  each  of  a  0.1  percent  dilution  of 
fuel  in  peanut  oil  over  a  two  week  period.  The  guinea  pigs  were  untreated  for  three 
weeks  and  then  given  a  challenge  dose  of  fuel  in  peanut  oil.  Simultaneous  injections  of 
peanut  oil  alone  were  given  as  a  control  to  each  animal.  Reaction  to  the  challenge  dose 
taking  into  consideration  the  peanut  oil  control  reaction  was  recorded  as  a  product  of 
the  length  and  width  of  the  wheal  multiplied  by  a  numerical  reaction  score  which  de¬ 
scribed  the  reaction  intensity  in  increasing  severity. 

The  two  major  inhalation  toxicity  studies  conducted  are  outlined  in  Table  3.  The 


TABLE  3 

FUELS  COMPARATIVE  TOXICITY  STUDY 
INHALATION  PROTOCOL  SUMMARY 


Laboratory: 

Duration: 

Animal  Complement: 


Clinical  Tests: 
Histopathology : 


NMRI/AFAMRL/THRU 

90-Day  Continuous  Vapor  Inhalation 
(At  two  concentrations  per  fuel) 

Rats:  75  Male  and  75  Female 

(SO  of  each  held  for  two  years) 

Mice:  150  Female 

Dogs:  3  Male  and  3  Female 

Body  Weight,  Organ  Weight,  Hematology,  Clinical  Chemistries 
90  Days  -  42  Tissues 
2  Years  -  42  Tissues 


studies  are  being  conducted  at  the  Naval  Medical  Research  Institute,  Toxicology  Detachment 
at  Wright-Patterson  Air  Force  Base,  Ohio,  utilizing  Thomas  Dome  inhalation  chambers  at 
the  Air  Force  Aerospace  Medical  Research  Laboratory’s  Toxic  Hazards  Research  Unit  (THRU). 
Both  fuels  were  studied  under  identical  protocols.  Exposures  were  subchronic  continuous 
90  day  fuel  vapor  inhalation  exposures.  Inhalation  chamber  fuel  vapors  were  generated  by 
passing  the  fuel  through  a  column  heated  to  120°F.  Three  animal  species  were  employed 
(mice,  rats  and  dogs)  with  both  sexes  being  represented  by  rats  and  dogs.  A  summary  of 
the  clinical  tests  performed  on  rats  and  dogs  at  the  end  of  the  exposure  period  and  on 
rats  at  the  end  of  two  years  is  shown  in  the  table.  Forty-two  tissue  samples  are  being 
taken  from  all  of  the  animals  at  the  90  day  point  and  from  the  mice  and  rats  at  the  two 
year  point.  Tissues  and  blood  samples  taken  at  the  two  year  point  are  intended  to 
provide  information  on  the  long  terni  effects  of  fuel  exposure  and  also  on  the  tumor 
formation  potential.  Table  4  indicates  the  inhalation  chamber  fuel  vapor  concentrations. 
There  was  one  unexposed  control  group  for  each  fuel  tested. 


TABLE  4 


FUELS  COMPARATIVE  TOXICITY  STUDY 
SUMMARY  OF  INHALATION  STUDIES  AT  THRU 


FUEL 

TEST  CONCENTRATIONS 

Petroleum  JP-5 

750  mg/m^ 

150  mg/m^ 

Shale  JP-5 

750  mg/m^ 

150  mg/m^ 

Results  of  the  90  day  continuous  studies  showed  an  apparent  dose  related  kidney 
effect  in  male  rats.  In  an  attempt  to  further  define  this  effect  another  inhalation 

study  was  conducted.  Two  groups  of  18  male  and  18  female  rats  were  exposed  to  shale  JP- 

5  fuel  vapors  in  two  cubic  meter  chambers.  The  exposure  concentrations  were  50  mg/m3 
and  500  mg/m3  and  were  6  hour/day  5  day/week  exposures  for  a  total  of  80  exposures.  An 

equivalent  unexposed  group  was  held  in  an  adjacent  chamber  to  serve  as  a  control.  Table 

5  outlines  the  study  protocol.  The  table  shows  the  list  of  clinical  measurements  per¬ 
formed.  Emphasis  in  this  study  was  placed  on  kidney  function  tests. 
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TABLE  S 

SHALE  JP-5,  6  HR/DAY  EXPOSURE  STUDY 


Laboratory: 

NMRI/Toxicology  Detachment 

Duration : 

16  Weeks  (80  exposures) 

Concentration: 

50  mg/m 5  and  500  mg/m 5 

Animal  Complement: 

(At  both  JP-5  concentrations) 

Rats:  18  Male  and  18  Female 

Clinical  Tests: 

BUN,  Creatinine  Clearance,  Albumin,  SGOT,  SGPT,  LDH,  Urine 
Volume,  Urea  Clearance,  Body  Weight,  Glucose,  Total  Bilirubin 

Histopathology: 

Major  Organs 

Before  I  describe  the  results  of  these  experiments  up  to  this  time,  I  think  a  view 
of  the  schedule  and  milestones  of  these  studies  is  appropriate.  Figure  1  depicts  the 
time  schedule  we  have  been  following.  As  you  can  see  the  exposure  phase  and  the  animal 


Calendar  Year 


.  77  1 

78  |  79  |  80  | 
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Figure  1.  Fuels  Comparative  Toxicity  Study  -  Schedule. 


holding  phase  of  the  90  day  continuous  inhalation  experiments  have  been  completed. 
Clinical  test  results  at  the  90  day  point  for  each  fuel  are  complete  and  results  of  the 
clinical  tests  from  the  two  year,  long-term  follow-up  of  the  petroleum  fuel  is  complete. 
Only  petroleum  fuels  90  day  histopathology  reports  are  complete,  however.  Both  Air 
Force  and  Navy  demands  at  the  Toxic  Hazards  Research  Unit  have  saturated  the  pathology 
branch  capability  causing  some  delay.  The  target  date  for  the  fuel  final  reports, 
including  the  two  year  long-term  effects  follow-up,  is  late  1982.  As  you  can  see  a  very 
large  part  of  the  shale  fuel  work  is  incomplete  at  this  time. 


RESULTS 

Since  the  shale  fuel  work  is  incomplete  1  have  only  partial  results  to  report  at 
this  meeting. 

Table  6  shows  the  results  of  the  ocular  and  dermal  irritation  studies.  Reaction  to 

TABLE  6 

FUELS  COMPARATIVE  TOXICITY  STUDY 
SKIN  AND  EYE  IRRITATION  RESULTS 

FUEL  SKIN1  EYE 

Petroleum  JP-5  None  None 

Shale  JP-5  None  None 


1 


Intact  and  abraded 
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Skin  sensitization  results  are  summarized  in  Table  7.  Sensitization  potential  is  a 


TABLE  7 


FUELS  COMPARATIVE  TOXICITY  STUDY 
SKIN  SENSITIZATION  SUMMARY 


FUEL 

SENSITIZATION1 

POTENTIAL 

SENSITIZATION2 

REACTION 

Petroleum 

JP-5 

Moderate 

Mild 

Shale  JP-5 

Slight 

Mild 

1  A 

2  A 

measure  of 
reaction. 

the  number  of  test  animals 

exhibiting  a  positive 

measure  of 

the  severity 

of  reaction: 

Score : 

0  -  25 

26  -  99 

100  -  200 
>  200 

No  Reaction 
Mild 

Moderate 

Severe 

measure  of  the  number  of  test  animals  exhibiting  a  positive  reaction  out  of  the  24 
animals  treated.  Slight  sensitization  potential  represents  one  to  three  animals  respond¬ 
ing  and  moderate  represents  four  to  10  animals  responding.  Sensitization  reaction  is  a 
measure  of  the  severity  of  the  reaction  of  those  animals  responding.  Neither  of  the 
fuels  tested  were  judged  to  be  sensitizers  according  to  the  test  criteria. 

The  effects  of  fuel  vapor  exposure  on  rat  weight  gain  are  summarized  in  Table  8. 


TABLE  8 

FUELS  COMPARATIVE  TOXICITY  STUDY 
RAT  BODY  WEIGHT  EFFECTS  SUMMARY 

FUEL  MALE  FEMALE 


Petroleum  JP-5 
7S0  mg/m3 
ISO  mg/m3 

Shale  JP-5 
750  mg/m3 
150  mg/m3 


:! 


recovered 


|  incomplete 


Arrows  express  trends  seen  in  experimental  animals  compared  to 
controls 


Rats  exposed  to  the  shale  fuels  have  not  been  on  the  study  long  enough  to  see  any  definite 
health  trends.  The  only  trend  we  can  see  from  this  incomplete  data  is  that  male  rats  may 
be  more  affected  by  fuel  vapors  than  female  rats  regardless  of  the  fuel  source.  Dogs 
were  sacrificed  after  the  90  day  exposure  and  there  were  no  apparent  effects  from  either 
of  the  fuels  during  that  time. 

The  histopathology  report  of  rats  exposed  to  petroleum  JP-5  and  sacrificed  at  90 
days  indicated  evidence  for  kidney  injury  in  both  exposure  groups  of  male  rats.  The 
injury  consisted  of  nephropathy  characterized  by  multifocal  tubular  atrophy  and  of  focal 
tubular  necrosis  at  the  cortico-medullary  junction.  Both  lesions  were  more  severe  in  the 
7S0  mg/m’  petroleum  JP-S  exposure  groups  and  appeared  to  be  related  effects,  in  that  the 
more  severe  the  nephropathy  was,  the  more  severe  the  tubular  necrotic  lesions.  These 
changes  were  not  seen  in  unexposed  controls  or  in  female  rats.  Neither  were  they  seen  in 
the  dogs.  Table  9  is  a  summary  of  the  significant  clinical  measurements  taken  at  the  90 
day  sacrifice.  The  table  shows  only  male  rat  data.  Statistical  significance  expressed 
here  is  measured  between  the  fuel  exposure  group  and  its  control  and  not  between  petroleum 
and  shale  exposure  groups.  The  female  rat  data  although  exhibiting  what  appeared  to  be 
some  random  deviations  from  normal  were  as  a  whole  within  normal  limits  for  the  species. 
Male  rat  chemistry  changes  shown  in  this  slide  were  considered  consistent  with  the  histo¬ 
pathologic  findings  of  kidney  injury. 


TABLE  9 

90 -DAY  MALE  RAT  CLINICAL  MEASUREMENTS 


PETROLEUM  JP-5  SHALE  JP-S 


Control 

ISO, 

mg/iir 

7503 

mg/iir 

Control 

ISO, 

mg/nT 

750. 

mg/nr 

BUN 

14.9 

17.8 

17.4 

20. 3b 

Creatinine 

0 .  S3 

0.55 

0 . 62a 

0.66 

MEXM 

■XB1 

A/G  Ratio 

2.S 

2 . 3a 

2 . 0a 

1.37 

1.2“ 

1 . 2“ 

Statistically  different  from  controls  at  <  0.05. 
Statistically  different  from  controls  at  <  0.01. 


At  the  end  of  the  two  year  follow-up  period,  rats  exposed  to  petroleum  fuels  did  not 
exhibit  increased  mortality. 

Results  of  the  shale  JP-S  6  hour/day  exposure  study  appeared  to  confirm  the  observa¬ 
tion  of  kidney  injury  apparent  in  both  the  shale  and  petroleum  90  day  continuous  exposure 
studies.  Both  groups  of  exposed  male  rats,  after  20  exposure  days,  consumed  more  water 
than  the  control  males.  Female  exposed  rat  water  consumption  was  not  different  from 
female  controls.  Consistent  with  increased  male  rat  water  consumption  was  an  increase  in 
urine  output  observed  in  the  high  dose  rats.  Table  10  shows  this  increased  urine  output. 


TABLE  10 


SHALE  JP-S,  6  HR/ DAY  EXPOSURE  STUDY 
RAT  URINE  OUTPUT 


CONTROL 

50  mg/m3 

500  mg/m3 

Male 

Mean 

12.2 

12.0 

15.4 

S.E. 

(  .9) 

(  1.1) 

(  -9) 

Female 

Mean 

8.7 

10.5 

12.3 

S.E. 

(  .6) 

(  2.1) 

C  -7) 

The  female  rats  were  not  effected.  Table  11  shows  the  increase  in  plasma  creatinine 
observed  in  high  dose  males  while  the  female  exposed  rats  showed  levels  not  significantly 
different  from  their  controls. 


TABLE  11 


SHALE  JP-S,  6  HR/DAY  EXPOSURE  STUDY 
RAT  PLASMA  CREATININE 


CONTROL 

50  mg/m3 

500  mg/m3 

Male 

Mean 

.69 

.62 

.  84 

S.E. 

(.03) 

(.04) 

(.04) 

Female 

Mean 

.68 

.74 

.71 

S.E 

(.02) 

(.04) 

(.04) 

Table  12  shows  a  significant  decrease  in  the  creatinine  clearance  of  high  dose  male 
rats;  however,  one  unusually  high  creatinine  clearance  caused  an  apparent  elevation  in 
the  low  dose  males.  The  exposed  females  again  exhibited  no  significant  deviation  from 
controls. 
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TABLE  12 

SHALE  JP-S,  6  HR/ DAY  EXPOSURE  STUDY 
RAT  CREATININE  CLEARANCE 


CONTROL 

SO  mg/m3 

500  mg/m3 

Male 

Mean 

1.25 

1.60* 

.95 

S.E. 

(  .07) 

C  .16) 

(  -05) 

Female 

Mean 

.66 

.66 

.74 

S.E. 

(  -03) 

(  .03) 

(  .08) 

* 

One  animal 

had  a  high  creat 

inine  clearance  of  2.65 

DISCUSSION 

Because  the  shale  fuels  inhalation  phase  of  the  comparative  study  has  only  recently 
been  completed  and  not  all  of  the  data  is  available,  a  comparison  of  shale  versus  petro¬ 
leum  fuel  inhalation  toxicity  cannot  be  made  at  this  time.  The  irritation  studies  are 
complete  and  the  results  indicate  both  fuels  could  be  considered  non- irritants .  Results 
of  the  skin  sensitization  studies  indicate  both  were  non-sensitizers. 

From  the  results  of  both  the  90  day  continuous  shale  and  petroleum  fuel  exposure 
study  and  from  the  shale  fuel  6  hour/day  study  it  is  apparent  that  there  is  sex  specific 
kidney  injury  in  the  male  rat  due  to  exposure  to  this  hydrocarbon  fuel.  The  questions 
of  reversibility  and  of  long  term  effects  will  not  be  answered  until  review  of  the  data, 
particularly  the  histopathologic  data,  is  complete  at  the  termination  of  lifetime  holding 
of  the  90  day  continuously  exposed  rats. 

Although  it  may  be  premature  to  speak  about  the  toxicity  of  a  material  that  chemi¬ 
cally  may  vary  from  batch  to  batch  or  change  within  a  batch  upon  storage,  it  has  been 
our  belief  that  at  the  very  least  the  work  will  serve  as  a  benchmark  from  which  to 
compare  later  shale  fuels.  At  the  very  best  we  may  hope  for  a  clean  bill  of  health  for 
an  important  alternate  fuel. 
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Summary 

The  immunotoxic  effects  of  four  hydrazine  compounds  were  evaluated  by 
adding  them  to  lymphocytes  in  the  lymphocyte  blast  transformation  (LBT)  assay. 
1 , 1-dimethylhydrazine  (UDMH)  caused  an  enhancement  of  the  LBT  response  of 
murine  splenocytes  to  the  B-cell  mitogen  lipopolysaccharide  (LPS)  at  concen¬ 
trations  of  10-25  ppm.  It  also  enhanced  the  LBT  response  of  feline  peripheral 
mononuclear  cells  (PMC)  to  the  T-cell  mitogens  concanavalin  A  (con  A)  and 
pokeweedi  and  enhanced  the  LBT  response  of  human  PMC  to  con  A,  within  the  same 
concentration  range.  Higher  concentrations  suppressed  the  LBT  response. 

The  UDMH  was  also  injected  intraperitoneally  into  mice,  which  were  then 
evaluated  for  immune  function  by  the  LBT  assay,  and  the  Jerne  plaque  assay. 
Certain  dose  regimens  of  UDMH  resulted  in  an  enhanced  LBT  response  of  spleno- 
eytes  to  con  A,  as  well  as  an  enhanced  number  of  antibody-secreting  cells 
against  sheep  red  blood  cells. 

1 ,2-dimethylhydrazine  (SDMH)  exerted  an  effect  similar  to  that  of  UDMH 
when  added  to  splenocytes  in  the  LBT  assay,  causing  an  enhancement  of  the  LBT 
response  to  LPS  at  low  concentrations,  then  a  suppression  at  higher  concen¬ 
trations.  Hydrazine  (Hz)  and  monomethylhydrazine  (MMH)  suppressed  the  LBT 
response  of  splenocytes  to  both  con  A  and  LPS,  but  the  con  A  response  was 
significantly  more  suppressed  than  the  LPS  response  at  most  concentrations 
tested. 

These  results  suggest  that  UDMH  and  SDMH  abrogate  suppressor  cell 
function,  and  that  Hz  and  MMH  suppress  T-cell  function  (cell-mediated 
immunity)  more  than  B-cell  function  (humoral  immunity). 


As  research  in  the  field  of  immunotoxicology  expands,  researchers  are  finding  that 
numerous  chemical  compounds  are  capable  of  adversely  affecting  the  immune  system.  These 
effects  often  occur  at  subtoxic  or  subcarcinogenic  exposure  levels.  Environmentalists 
are  concerned  with  industrial  pollutants  and  residues  which  may  cause  subtle  immune 
dysfunctions  after  short-  or  long-term  exposure.  Chemicals  which  have  been  shown  experi¬ 
mentally  and/or  epidemiologically  to  be  immunosuppressive  include  hexaehlorobenzene  (1), 
polychlorinated  biphenyls  (1,2,3)t  polybrominated  biphenyls  (4),  tetrachlorobenzo-p- 
dioxin  (TCDD)  (5),  lead  (6),  cadmium  (6),  mercury  (6),  and  methylnitrosourea  (7).  Some 
of  these  compounds  such  as  TCDD  are  more  toxic  to  the  cell-mediated  (T-cell)  branch  of 
the  immune  system  (5),  others  are  thought  to  suppress  the  humoral  (B-cell)  system  more. 

Previous  research  reports  suggest  that  the  T-cell  subset  of  immunoregulatory 
("suppressor  T")  cells  may  be  susceptible  to  many  commonly  used  therapeutic  agents,  such 
as  cyclophosphamide  (8)  and  methyldopa  (9).  Other  drugs  are  frequently  reported  to  be 
associated  with  a  "lupus  erythematosus-like  syndrome,"  (10)  including  phenylbutazone, 
hydralazine,  procainamide,  lsoniazid,  and  oral  contraceptives.  Further  3tudy  of  other 
drugs  and  chemicals  will  undoubtedly  reveal  a  vast  number  of  agents  which  specifically 
suppress  T-cell  or  B-cell  subsets. 

The  purpose  of  the  studies  reported  here  was  to  evaluate  the  effects  of  various 
hydrazine  compounds  (used  in  rocket  fuels)  on  T-cell  and  B-cell  function  as  assessed  by 
lymphocyte  blast  transformation  (LBT)  response  and  plaque-forming  cell  response. 


Materials  and  Methods 


In  Vitro  Experiments: 

Spleen  cells; 

Swiss  outbred  mice  weighing  20-30  gms  were  sacrificed  by  cervical  dislocation,  and 
the  spleens  aseptically  removed  and  placed  in  Hank's  balanced  salt  solution  (HBSSs  Grand 
Island  Biological  Co.,  Grand  Island,  NY).  Sixteen  to  24  mice  (male  and  female)  were  used 
to  test  each  chemical.  The  spleens  were  separately  teased,  strained  through  #60  wire 
mesh,  and  aspirated  several  times  through  a  25  g  needle.  The  red  cells  were  lysed  with 
an  ammonium  chloride  (0.15  M)  lysing  solution,  and  the  white  cells  were  then  washed  and 
suspended  in  cell  culture  medium  (CCM)  consistirys  of  RPMI  1640  (Grand  Island  Biological 
Co.,  Grand  Island,  NY) .supplemented  with  2  X  M  2-mercaptoethanol,  10J  fetal  bovine 
serum  (Sterile  Systems,  Inc.,  Logan,  UT),  and  1%  antibiotic  solution.  The  splenocytes 
were  counted  and  diluted  to  10°^  lymphocytes/ml.  Viability  was  97-100%.  Percent  of 
lymphocytes  ranged  from  85-99%  (other  cells  being  macrophages  or  neutrophils). 


Feline  and  human  cells; 


Heparinized  blood  was  drawn  from  normal  adult  specif ic-pathogen-free  cats  or  from 
healthy  human  volunteers.  Peripheral  mononuclear  cells  (PMC)  were  separated  by  centri¬ 
fugation  through  a  f icoll-diatrizoate  (Ficoll-Paque,  Pharmacia  Fine  Chemicals, 
Piscataway,  NJ)  gradient,  as  described  by  Cockerell  et  al.  (11).  The  washed  PMC  were 
suspended  at  1  X  10°  cells/ml  in  RPMI  1640  with  either  2U%  pooled  feline  serum  ( feline 
PMC)  or  5*  human  AB  serum  (Grand  Island  Biological  Co.,  Grand  Island,  NX)  (human  PMC). 

Lymphocyte  blast  transformation  assay; 

-  Microtiter  plates  (CoStar,  Cambridge,  MA)  were  filled  with  0.1  ml  cell  suspension 
(105  lymphocytes)  per  well.  Concanavalin  A  (con  A)  (Sigma  Chemical  Co.,  St.  Louis,  MO) 
and  lipopolysaccharide  (LPS:  derived  from  E.  coli  0127:B8;  Difco  Laboratories,  Detroit, 
MI)  were  added  to  murine  splenocytes  in  10  pi  aliquots  (0.2  pg/well  of  con  A  and  10 
ug/well  of  LPS).  Con  A  (10  pg/well)  and  pokeweed  mitogen  (PWM)  (Grand  Island  Biological 
Co.,  Grand  Island,  NY)  (4  ug/well)  were  added  to  feline  cells;  and  con  A  (10  ug/well)  and 
phytohemagglutinin  (PHA)  (Difco  Laboratories,  Detroit,  MI)  (1.2  pg/well)  were  added  to 
human  cells.  Quadruplicate  wells  were  set  up  for  each  mitogen  and  media  control  or 
chemical  combination  (see  below).  Cultures  were  incubated  at  37°C  in  a  5*  C0_  humidified 
incubator  for  54  hrs,  then  pulsed  with  0.5  pCi/well  of  ^H-TdR  (New  Engl^hd  Nuclear, 
Boston,  MA)  and  harvested  18  hrs  later  using  a  multiple  automated  sample  harvester  (Otto 
Hiller  Co.,  Madison,  WI).  The  glass  fiber  filter  disks  containing  the  harvested  cells 
were  dried  and  placed  in  vials  with  scintillation  cocktail.  Counts  per  minute  (cpm)  were 
obtained  using  a  liquid  scintillation  counter  (Packard  Tricarb  Model  3375,  Packard 
Instrument  Co.,  Downers  Grove,  IL). 


Chemical  Treatment: 

Hydrazine  (Hz),  monomethylhydrazine  (MMH),  and  1 , 1-dimethylhydrazine  (UDMH)  were 
obtained  in  liquid  form  (Aldrich  Chemical  Co.,  Inc.,  Milwaukee,  WI ) .  They  were  diluted 
with  CCM  and  added  to  the  cell  culture  at  final  concentrations  ranging  from  0.1-30  ppm 
for  Hz  and  MMH,  and  10-200  ppm  for  UDMH.  1 ,2dimethylhydrazine  (SDMH)  was  also  obtained 
in  liquid  form  (Aldrich  Chemical  Co.,  Inc.,  Milwaukee,  WI)  and  further  purified  to 
crystalline  form  by  Dr.  Donald  Witiak  of  the  Dept,  of  Pharmacy,  0SU.  A  stock  solution 
was  made  by  dissolving  SDMH  in  0.1  N  HC1  at  a  concentration  of  10  mg/ml.  It  was  then 
further  diluted  in  CCM  to  final  concentrations  of  5-250  pg/ml. 

Viability 

Cell  viability  was  determined  by  the  trypan  blue  dye  exclusion  test.  One  hundred 
cells  were  counted  for  each  determination,  and  the  results  expressed  as 


#  viable  cells 

#  total  cells 


X  100. 


Expression  of  results  and  statistics: 

Corrected  cpm  values  were  determined  as  follows:  (cpm  of  mitogen-stimulated 
cultures)-(cpm  of  cultures  with  media  alone).  Percent  of  control  response  was  determined 
by:  (corrected  cpm  of  chemically  treated  cultures)  — t—  (corrected  cpm  of  untreated 
cultures)  X  100.  Significant  differences  between  groups  were  determined  by  the  paired 
student  t-test. 


In  vivo  UDMH  experiments: 

Swiss  outbred  mice  were  injected  intraperitoneally  with  varying  doses  and  schedules 
of  UDMH  or  phosphate  buffered  saline  (PBS).  Four  days  before  sacrifice,  some  were 
immunized  intravenously  with  sheep  red  blood  cells  (SRBC)  (0.2  ml  of  a  1 0*  suspension). 
After  sacrifice,  spleen  cells  were  harvested  as  described  and  then  lymphocyte  function 
was  assayed  by  the  LBT  method  as  described,  except  without  addition  of  chemicals  to  the 
cultures,  or  by  a  modified  Jerne  plaque  assay  (see  below). 

Jerne  plaque  assay: 

The  agar-free  slide  modification  described  by  Cunningham  et  al.  (12)  was  used. 
Directfiand/or  indirect  plaque  forming  cells  (PFC)  were  counted  and  expressed  as  number  of 
PFC/ 10°  spleen  cells. 


Results 


M urine  splenocyte  LBT  response;  in  vitro  incubation: 

Hydrazine  caused  a  dose-related  suppression  of  the  LBT  response  to  both  LPS  and  con 
A  starting  at  a  concentration  of  0.1  ppm  (Fig.  1).  The  response  to  con  A  was  signifi¬ 
cantly  more  suppressed  than  the  response  to  LPS  at  doses  of  0.1  and  1  to  20  ppm.  The 
responses  ranged  from  27.7  +  8.7*  (standard  error  of  the  mean)  of  the  control  response  at 
30  ppm  (p<.001)  to  85.4  +  9.3*  at  0.1  ppm  (p  <. 00 1 )  for  con  A,  and  34.5  +  10.0*  (p  <.001) 
to  95.2  +  5.3  (p<.025)  for  LPS.  Cell  viability  was  slightly  lower  than  control  in  the 
LPS-stimulated  cultures  at  20  and  30  ppm  (Table  1). 


The  suppressive  effects  of  MMH  were  very  similar  to- those  of  Hz  (Fig.  1).  The 
response  to  con  A  ranged  from  42.1  +  8.5%  of  the  control  response  at  20  ppm  MMH  to  91.1  + 
4 . 8 jt  at  0.1  ppm.  The  response  to  LPS  ranged  from  67.8  ±  9.5%  at  20  ppm  to  95.8  +  5.8  at 
0.1  ppm.  The  response  to  LPS  was  significantly  higher  than  the  response  to  con  A  at  1  to 
20  ppm.  Cell  viability  was  slightly  decreased  at  20  ppm  MMH  in  the  LPS-stimulated 
cultures  (Table  1). 


■  CON  A 
□  LPS 
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Figure  1.  Effects  of  Incubation  with  Hz  or  MMH  on  the  LBT  Response  of  Murine  Splenocytes 
to  con  A  and  LPS.  Expressed  as  Percent  of  Control  (Untreated  Cell)  Response. 

Unsymmetrical  dimethy lhydrazine  caused  a  significant  suppression  of  the  response  to 
con  A  at  concentrations  of  25  ppm  (89.5  +  5.6%  of  control  response  (p  <.001))  to  150  ppm 
(12.9  ♦  7.3  of  control  response;  p  <.001)  (Fig.  2).  The  LBT  response  to  LPS  was 
significantly  enhanced  at  10  ppm  (113-9  +  9.5%  of  control  response;  p  <.001)  and  25  ppmi 
(112.2  +  10.9%  of  control  response;  p  <.01 ),  and  then  suppressed  at  concentrations  of  100 
to  150  ppm  (46.0  +  6.9;  p<.001  to  12.9  +  7.3%;  P  <.001,  respectively)  (Fig.  2).  The 
viability  of  con  A-stimulated  cells  was  significantly  lower  than  the  control  at  50-150 
ppm  while  the  viability  of  LPS-stimulated  cells  was  decreased  at  150  ppm  (Table  1). 

The  effects  of  SDMH  on  the  LBT  response  to  con  A  and  LPS  were  similar  to  those  of 
UDMH  (Fig.  2).  The  response  to  con  A  was  significantly  suppressed  starting  at  25  /ig/ml 
(87.5  +  9.0%  of  control  response;  p<.005)  while  the  response  to  LPS  was  significantly 
enhanced  at  5  to  50  pg/ml  (highest  at  25  pg/ml;  119.7  ±  9.1%  of  control  response; 
p  <.001).  The  response  to  LPS  became  lower  than  control  at  75  pg/ml  (83.3  +  13.0%; 
p  <. 025). Cell  viability  was  decreased  at  150  in  the  LPS-stimulated  cultures,  and  at 
50-150  yg/ml  in  the  LPS-stimulated  cultures. 

Feline  and  human  PMC  LBT  response: 

Preliminary  experiments  were  performed  to  determine  the  effects  of  UDMH  on  the  LBT 
response  of  human  and  feline  PMC.  The  feline  PMC  showed  a  markedly  enhanced  LBT  response 
to  PWM  which  was  highest  at  50  ppm  UDMH  (Fig.  3)( 164.3  +  29.7%  of  control  response; 
p  <.025).  There  was  also  a  slightly  enhanced  response  to  con  A  at  10-50  ppm  UDMH,  which 
peaked  at  25  ppm  (115.6  ♦  23.9;  NS).  The  LBT  response  to  PWM  dropped  below  the  control 
value  at  150  ppm  UDMH  and  to  con  A  at  75  ppm.  The  response  to  con  A  of  the  human  PMC  was 
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similarly  affected  by  UDMH  (Fig.  3)1  showing  an  enhanced  response  which  peaked  at  50  ppm 
(110.3  ±  2.8}  NS),  then  falling  below  the  control  response  at  150  ppm.  The  UDMH  had 
little  effect  on  the  human  LBT  response  to  PHA,  showing  only  a  slight  decrease  at  the 
highest  UDMH  concentration  tested,  200  ppm  (88.1  +  8.7$  of  control  response;  NS)  (Fig. 
3). 
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Figure  2.  Effects  of  Incubation  with  UDMH  or  SDMH  on  the  LBT  Response  of  Murine  Spleno- 
cytes  to  con  A  and  LPS.  Expressed  as  Percent  of  Control  (Untreated  Cell) 
Response . 


Table  1.  Viabilities  of  splenocytes  treated  with  Hz,  MMH,  UDMH,  or  SDMH. 


CPD 

Dose  (ppm) 

Con 

A 

P 

LPS 

P 

Media 

P 

Hz 

0  (control 

80.5 

4 

5.1 

90.5 

4 

1.0 

77.0 

4 

1.7 

1 

90.5 

4 

2.2 

NS 

91.5 

4 

1.7 

NS 

83.0 

4 

1.9 

P<.  05 

10 

79.0 

4 

1 .2 

NS 

85.0 

4 

4.7 

NS 

77.5 

4 

1.3 

NS 

20 

76.0 

4 

4.5 

NS 

75.0 

4 

5.4 

pC.025 

69.5 

4 

4.3 

NS 

MMH 

0  (control) 

87.0 

4 

4.7 

88.0 

4 

2.7 

78.0 

4 

3.6 

.01 

90.5 

4 

2.2 

NS 

94.5 

4 

1.9 

PC  05 

72.0 

4 

4.2 

NS 

5 

89.5 

4 

3.9 

NS 

94.5 

4 

1.7 

PC  05 

68.5 

4 

4.0 

NS 

20 

87.5 

4 

3.9 

NS 

79.5 

4 

2.6 

PC  05 

85.0 

4 

1.9 

NS 

UDMH 

0  (control) 

86.5 

4 

2.2 

91.5 

4 

1.5 

80.0 

4 

5.9 

10 

80.5 

4 

4.6 

NS 

95.5 

4 

0.5 

PC  025 

76.0 

4 

4.1 

NS 

50 

67.0 

4 

6.5 

pC  025 

92.0 

4 

2.5 

NS 

66.0 

4 

5.6 

NS 

100 

68.3 

♦ 

8.0 

P  <•  05 

89.0 

4 

1.9 

NS 

58.5 

4 

2.1 

p<-01 

150 

68.5 

♦ 

3-9 

p<. 005 

78.0 

4 

3.5 

p<.  0 1 

65.0 

4 

7.0 

NS 

SDMH 

0  (control) 

82.6 

4 

5.4 

87.4 

4 

2.0 

82.0 

4 

2.8 

5 

86.0 

4 

3.0 

NS 

87.4 

4 

2.9 

NS 

81.7 

4 

4.7 

NS 

10 

84.6 

4 

2.9 

NS 

86.6 

4 

2.8 

NS 

80.0 

4 

3-6 

NS 

25 

86.3 

4 

4.1 

NS 

89.4 

4 

3.3 

NS 

78.9 

4 

4.0 

NS 

50 

77.4 

4 

1.9 

NS 

78.6 

4 

4.8 

p  C  025 

77.2 

4 

3-6 

NS 

75 

81.0 

4 

1.3 

NS 

77.6 

4- 

3-4 

PC01 

81.2 

4 

2.4 

NS 

100 

74.2 

4 

5.3 

NS 

63.8 

4 

5.4 

PC  001 

75.2 

4 

2.8 

p<.  05 

150 

70.2 

4 

3.6 

p  C  05 

65.6 

4 

4.0 

p<.001 

Figure  3-  Effects  of  Incubation  with  UDMH  on  the  LBT  Response  of  Feline  PMC  to  con  A  and 
PWM,  and  of  Human  PMC  to  con  A  and  PHA.  Expressed  as  Percent  of  Control 
(Untreated  Cell)  Response. 

In  vivo  UDMH  experiments; 

LBT  assay :  Short-term  low  dose  treatment  (e.g.  50  mg/kg  UDMH  daily  for  3  days  or  15 
mg/kg  single  dose)  resulted  in  an  enhanced  LBT  response  of  the  spleen  cells  to  con  A  (up 
to  1-1/2  times  the  response  of  cells  from  untreated  mice)  (Table  2),  but  did  not  affect 
the  LBT  response  to  LPS.  Higher  doses  of  UDMH  (single  dose  of  150  mg/kg)  caused  a 
decreased  response  to  LPS  (Table  2). 


Table  2.  Effects  of  Intraperitoneal  UDMH  injections  on  the  LBT  response  of  spleen 
cells  to  mitogens. 


Dose  UDMH 

Mitogen 

UDMH-treated 
(CPM  +  sem) 

Untreated 
(CPM  + 

control 

sem) 

P-Value 

15  mg/kg 
one  dose 

con  A 

54894  +  11497 

36741  + 

13680 

p  <.  025 

50  mg/kg/day 

3  days 

con  A 

59085  +  7454 

47701  + 

4496 

p<.  05 

150  mg/kg 
one  dose 

LPS 

69206  +  3696 

76626  + 

9038 

p<-  05 

a  Mice  were  sacrificed  24  hours  after  the  last  UDMH  injection.  Treated  and  control 
groups  each  consisted  of  8  mice  ( 4  male,  4  female). 


Jerne  plaque  assay:  Female  mice  treated  with  100  mg/kg  daily  for  eight  days  (with 
SRBC  immunization  on  the  fourth  day  of  treatment)  showed  an  increased  number  of  direct 
PFC  (IgM-forming  cells)  (Table  3).  In  similar  experiment,  treated  male  exhibited  an 
increased  number  of  indirect  PFC  (IgG-forming  cells),  with  no  difference  in  numbers  of 
direct  PFC  (Table  3). 
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Table  3.  Effects  of  intraperltoneal  UDMH  Injections  on  PFC  response  to  SRBC 
immunization. 


Exp  1a 

Male-direct 

Female-direct 

Exp.  2* 

Male-di rect 
Female-direct 
Male-indirect 
Female-indirect 


PFC/ 10^~~spleen  cells  (X103)~ 
Control 


UDMfi-treated 


P-Value 


1.41  +  0 . 47  1.80 

3.71  +  0.32  2.81 


0.55  ±  0.14  0.51 
0.18+0.11  0.22 
2.05  +  0.53  1.41 
0.86+0.18  0.67 


+  0.52 

NS 

+  0.32 

p<.005 

+ 

0.1 1 

NS 

+ 

0.  10 

NS 

+ 

0. 18 

p<.  05 

♦ 

0.17 

NS 

Mice  (3/group)  were  injected  i.p,  with  100- mg/kg  UDMH  for  4  days,  immunized  i.v. 
with  0.2  ml  of  a  10$  SRBC  suspension,  treated  4  more  days  with  UDMH,  and 
sacrificed. 

Mice  (3/group)  were  injected  i.p.  with  100  mg/kg  UDMH  for  4  days,  immunized  i.v. 
with  0.2  ml  of  a  10$  SRBC  suspension,  rested  two  days,  then  treated  3  more  days 
with  UDMH  before  sacrifice. 


Discussion 


These  studies  clearly  show  that  hydrazine  compounds  exert  a  differential  effect  on 
in  vitro  mi togen-induced  LBT  responses  of  murine  splenocytes.  The  response  to  the  T-cell 
mitogen  con  A  was  significantly  more  suppressed  by  MMH,  Hz,  and  SDMH  than  the  response  to 
the  B-cell  mitogen  LPS.  The  UDMH  and  SDMH  caused  an  enhancement  of  the  B-cell  response 
to  LPS  at  low  concentrations,  then  a  suppression  of  both  T-cell  and  B-cell  responses  at 
higher  concentrations . 

The  enhancement  of  the  LPS  response  as  a  result  of  incubation  with  UDMH  and  SDMH 
could  be  explained  by  a  selective  inhibition  of  suppressor  T-eell  function  at  lower 
concentrations  of  UDMH  and  SDMH.  As  the  concentrations  increase,  effector  T-cell 
functions,  as  well  as  B-cell  functions,  decrease. 

The  possibility  of  a  selective  decrease  in  suppressor  T-cell  function  induced  by 
UDMH  is  supported  by  the  results  of  preliminary  in  vivo  experiments  in  which  spleen  cells 
from  mice  treated  with  UDMH  showed  an  enhanced  LBT  response  to  con  A  or  increased  numbers 
of  PFC  in  the  Jerne  plaque  assay,  compared  to  untreated  mice.  Experiments  are  currently 
underway  involving  long-term  treatment  of  mice  with  different  doses  of  UDMH  after  which 
LBT  response  and  PFC  response  will  be  measured.  In  addition,  planned  experiments 
involving  UDMH  effects  on  in  vitro  suppressor  cell  function  assays  and  identification  of 
suppressor  cell  subsets  by  membrane  markers  in  UDMH-exposed  lymphocyte  cultures,  will 
hopefully  determine  if  UDMH  is  indeed  specifically  inhibiting  suppressor  cell  function 
at  certain  concentrations. 

Incubation  with  UDMH  resulted  in  a  similar  enhancing  effect  on  the  LBT  response  of 
lymphocytes  from  other  species.  Feline  PMC  showed  an  enhanced  response  to  both  con  A  and 
PWM  which  are  T-cell  mitogens  in  the  cat.  Human  PMC  also  responded  more  to  the  T-cell 
mitogens  con  A  and  PHA  during  UDMH  exposure.  The  enhanced  response  to  T-cell  mitogens 
was  not  seen  with  murine  splenocytes.  This  difference  in  response  to  T-cell  mitogens  may 
reflect  the  different  sources  of  lymphocytes  (PMC  from  cats  and  humans,  splenocytes  from 
mice). 

Similar  enhancing  effects  of  various  immune  parameters  have  been  reported  for  other 
environmental  pollutants  at  low  doses.  Holt  et  al .  (13)  noted  that  short-term  exposure 
of  mice  to  NO  or  NO,  gas  resulted  in  enhanced  LBT  response  to  PHA;  enhanced  graf t-versus- 
host  reaction;  ana  enhanced  antibody  response  to  T-dependent  antigens,  as  well  as 
increased  serum  immunoglobulin  levels.  Long-term  exposure,  however,  caused  suppression 
of  these  parameters.  In  another  experiment,  Sharma  and  Gehring  (14)  noted  an  enhanced 
background  response  in  cultured  splenic  lymphocytes  from  mice  treated  with  low  doses  of 
TODD.  These  mice  also  showed  increased  immunoglobulin  levels,  prompting  the  authors  to 
suggest  "the  hypothesis  of  an  auto-immune  response"  as  a  result  of  TCDD  treatment. 
Again,  higher  doses  of  TCDD  suppressed  immunoglobulin  levels  and  mitogen  responsiveness. 

As  mentioned  earlier,  a  selective  loss  of  suppressor  cell  function  in  the  intact 
animal  is  associated  primarily  with  autoimmune  disorders  such  as  rheumatoid  arthritis, 
autoimmune  hemolytic  anemia,  and  systemic  lupus  erythematosus.  A  substituted  hydrazine 
compound,  1-hydrazinophthalazine  or  hydralazine  (used  in  clinical  medicine  to  control 
hypertension )  has  long  been  associated  with  side  effects  of  acute  rheumatoid  state  and/or 
disseminated  lupus  ery thematosus  (15),  including  the  presence  of  antinuclear  anti bodi es. 
With  the  recent  development  of  methods  to  identify  the  presence  and  function  of  the 
suppressor  T-cell  subset,  several  drugs  and  compounds  have  already  been  found  which 
specifically  inhibit  suppressor  T-cell  function,  and  undoubtedly,  many  more  will  be 
found  in  the  future. 
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This  study  was  designed  to  elucidate  the  cellular  effects  of  hydrazine  on  four  estab¬ 
lished  tissue  culture  vertebrate  cell  lines  (rat  kangaroo  kidney,  Xenopus  toad  kieney,  human 
diploid  fibroblast  and  Chinese  hamster  cells)  and  primary  cultures  of  neonatal  rat  myo¬ 
cardial  cells.  Cells  were  exposed  to  hydrazine  in  various  concentrations  (0.001  mM  to  10 
mM)  for  varying  time  periods.  The  resulting  growth  and  morphological  data  revealed  a  pos¬ 
sible  site  of  hydrazine  action. 

In  all  cell  lines  tested,  population  growth  was  depressed  by  low  concentrations  of 
hydrazine  (0.01  mM  to  0.1  mM) .  Cell  growth  was  initially  depressed,  but  it  eventually  re¬ 
turned  to  normal  log  phase  growth  even  when  fresh  hydrazine  was  added  to  the  culture  medium. 
At  higher  concentrations  (0.5  mM  to  2.0  mM) ,  hydrazine  was  lethal.  Most  cell  types  first 
showed  population  growth  depression  at  0.01  mM  hydrazine,  but  the  lethal  concentration  var¬ 
ied  with  the  cell  type.  Cultures  treated  with  hydrazine  yielded  a  significantly  higher 
number  of  giant,  multinucleated  cells.  Autoradiography  studies  employing  ’H-thymidine  con¬ 
firmed  that  the  large,  multinucleated  cells  resulted  from  cell  fusion. 

The  increase  in  cell  fusion  in  hydrazine  treated  cell  cultures  implicated  the  cell 
surface  as  a  possible  target  site.  Scanning  electron  microscopy  confirmed  concentration 
related  surface  differences  between  control  and  hydrazine  treated  cells.  Further  membrane 
studies  examining  the  effects  of  hydrazine  on  the  contractile  and  intercellular  spontaneous 
electrical  activity  of  myocardial  cells  in  culture  indicated  that  hydrazine  also  altered 
these  membrane- related  activities  in  a  concentration  and  time  dependent  manner. 

List  of  abbreviations:  M=molar,  mM=mi 1 1 imo lar ,  ml =mi 1 1 i 1 i ter ,  min=minute (s) ,  x  g=tines 
gravity,  mg=mi 1 1 ig rams ,  N=normal,  Fig.=figure,  hr=hour(s),  pCi^micro  curies,  SEM=Scanning 
Electron  Microscopy,  V=volts. 
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INTRODUCTION 
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This  reactive  compound,  described  as  the  ammono  analog  of  hydrogen  peroxide,  can  be  con¬ 
verted  to  a  variety  of  widely  used  alkyl  derivatives.  Both  hydrazine  and  its  derivatives 
are  used  extensively  in  the  production  of  photographic  developers ,  agricultural  chemicals, 
and  pharmaceutical  products.  The  use  of  hydrazine  both  as  an  oxygen  scavenger  in  industry 
and  as  a  major  component  in  high  energy  rocket  fuel  cells  constitutes  its  major  commercial 
uses.  As  a  result  of  these  applications,  hydrazine  and  its  derivatives  are  becoming  more 
prevalent  in  the  environment,  and  their  use  has  been  criticized  as  a  source  of  biological 
hazard. 

Previous  studies  have  detailed  the  hazardous  effects  of  hydrazine  and  related  deriv¬ 
atives.  Hydrazine  is  known  to  effect  pyrimidine- re lated  mutations  in  DNA  (Brown  et  al., 
1966;  Brown,  1967;  Gupta  and  Grover,  1970;  Kak  and  Kaul ,  1975),  and  it  is  easily  derivatized 
into  a  number  of  detrimental  agents  which  act  as  both  toxins  and  carcinogens.  The  most 
studied  of  these  agents  include  the  toxins  hydralazine,  which  interfers  with  smooth  muscle 
contraction  (McLean  et  al.,  1978),  phenyl  hydrazine,  a  hemolytic  agent  including  anemia  and 
Heinz  body  formation  (Jain  et  al.,  1978)  and  monomethyl  hydrazine,  a  metabolic  inhibitor 
(Dost  et  al.,  1976).  A  carcinogenic  relative  of  the  latter  derivative,  dimethyl  hydrazine, 
has  produced  both  colon  and  blood  vessel  tumors  in  several  laboratory  animals  (Toth  and 
Wilson,  1971;  Toth  et  al.,  1976;  Mak  and  Chong,  1978;  Barkla  and  Tutton,  1978).  More 
specifically,  some  of  these  effects  are  produced  in  isolated  cellular  components  only  under 
specific  conditions  of  treatment  (Brown,  1967;  Kak  and  Kaul,  1975).  The  importance  of  these 
studies  may  be  underestimated  or  misinterpreted  without  a  basic  understanding  of  the  impact 
such  compounds  have  on  a  wide  variety  of  cell  types  when  tested  under  controlled  conditions. 

The  present  study  investigates  the  basic  cellular  responses  of  diverse  vertebrate  cell 
types  iji  vi  tro  to  the  compound  hydrazine.  The  results  implicate  the  cell  membrane  as  one 
of  the  major  targets  of  hydrazine  action. 


METHODS 

Maintenance  of  Cell  Cultures 

The  PTKj  cell  line,  which  was  derived  from  normal  adult  male  kidney  of  Potorous  tri- 
dactylus ,  was  obtained  from  the  American  Type  Culture  Collection  (CCL  56).  Cells  werf  JTrown 
in  minimum  essential  medium  (Eagle)  with  Earle's  salts  supplemented  with  0.0851  sodium 
bicarbonate,  10$oheat  inactivated  fetal  calf  serum  and  0.011%  pyruvic  acid.  Cultures  were 
maintained  at  37  C  in  a  5$  CO2,  95$  air  atmosphere  in  Falcon  T-75  plastic  flasks.  Cells 
were  enzymatically  detached  from  the  flasks  as  follows:  the  supernatant  overlying  the  cell 
monolayer  was  aspirated  from  the  T-75  flask  and  replaced  with  4  ml  of  an  enzymatic  solution 


B4-2 


(0.25%  Pancreatin,  0.1%  EDTA  in  a  balanced  salt  solution,  pH  7.0).  Cells  detached  from  the 
substrate  during  incubation  (6  min.,  37°C)  and  light  pasteur  pipetting.  The  enzymatic  solu¬ 
tion  was  diluted  out  with  5  ml  of  medium,  and  the  cells  were  pelleted  from  the  suspension 
(5  min.,  200  x  g) .  The  resulting  supernatant  was  discarded,  and  the  cells  were  diluted  in 
fresh  medium  for  plating  into  either  T-75  flasks  (4  x  10^  cells/ml  in  10  ml  of  medium/flask) 
for  growth  curves  or  into  Rose  multipurpose  chambers  (50  x  10^  cells/ml,  Berns  et  al.,  1972) 
for  microscopic  evaluation. 


The  A6  cell  line  (American  Type  Culture 
culture  of  normal  male  toad  (Xenopus  laevis) 
sential  medium  (Hank's  salts)  fortified  with 
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Human  diploid  embryonic  lung  cells  (WI38  were  purchased  from  the  American  Type  Culture 
Collection  (CCL  75).  These  cells  were  maintained  in  Eagle's  basal  medium  (Earle’s  salts) 
with  10%  un- inactivated  fetal  calf  serum  in  a  5%  C02,  95%  air  atmosphere.  For  weekly  sub¬ 
culturing  and  growth  curve  experiments,  the  cells  were  enzymatically  detached  from  the  flask 
as  previously  described  with  the  following  modification:  the  cells  were  incubated  5  min 
at  37°C  in  an  enzymatic  solution  consisting  of  0.25%  trypsin  in  a  balanced  salt  solution, 
pll  7.0. 

Chinese  hamster  cells  (CH) ,  also  referred  to  as  the  MC  3  line,  were  generously  provided 
by  Dr.  Joe  Gray  (Lawrence  Livermore  Laboratory,  Livermore,  CA) .  They  were  maintained  in 
minimum  essential  medium  (Earle’s  salts)  supplemented  with  1S%  heat  inactivated  fetal  calf 
serum,  4.6%  NCTC-13S  (GIBCO,  Grand  Island,  NY)  and  60  mg/liter  gentamycin  sulfate  (Schering 
Corp.,  Kenilworth,  NJ)  in  a  10%  C02,  90%  air  atmosphere  at  37°C  in  T-25  flasks  (Falcon). 
After  enzymatic  detachment  from  flasks  (incubated  5  min, 37°C) ,  these  cells  were  plated  in 
Falcon  T-25  flasks  at  2.5  x  104  cclls/flask  in  5  ml  medium  for  growth  experiments. 

Hydrazine  Stock  Solutions 

Hydrazine  (m.w.  32.05,  anhydrous,  97%)  was  supplied  through  the  courtesy  of  Dr.  Ronald 
Shank  (Univ.  of  Ca.,  Irvine).  Stock  solutions  of  100  mM  and  10  mM  hydrazine  were  prepared 
by  dilution  into  0.01  N  HC1.  The  stock  solutions  were  diluted  from  50  to  1,000  fold  in 
tissue  culture  medium  just  prior  to  application  on  the  cultures.  Control  cultures  received 
a  corresponding  amount  of  0.01  N  HC1  without  hydrazine  in  the  medium.  In  the  quantities 
used,  the  addition  of  0.01  N  HC1  with  or  without  hydrazine  did  not  significantly  alter  the 
pH  of  the  medium. 

Growth  Response  Curves 

A.  Normal  Growth  Curves 


To  study  the  growth  effects  of  hydrazine  on  a  particular  cell  line,  the  specified 
quantity  of  cells  were  plated  out  in  Falcon  T-75  flasks  in  tissue  culture  medium.  Sufficient 
flasks  were  prepared  such  that  two  flasks  were  counted  to  determine  each  data  point  for  a 
given  hydrazine  concentration.  At  the  specified  times  (indicated  hy  arrows,  Figure  1), 
two  flasks  from  the  entire  population  were  harvested  as  follows:  the  cells  in  a  flask  were 
examined  by  inverted  phase  microscopy,  washed  with  fresh  medium  to  remove  debris,  enzymatic¬ 
ally  removed  from  the  flask  as  previously  described,  and  counted  and  sized  by  a  Coulter 
Counter- Channe lyzer  (model  ZBi ,  Coulter  Electronics).  At  this  time,  the  medium  in  all  the 
remaining  flasks  was  replaced  with  fresh  medium  and  supplemented  with  the  appropriate  con¬ 
centration  of  fresh  hydrazine  stock  solution.  Control  cultures  received  fresh  medium  and  a 
corresponding  aliquot  of  0.01  N  HC1  without  hydrazine.  At  each  subsequent  point  of  harvest, 
two  flasks  of  cells  representing  each  hydrazine  concentration  were  similarly  harvested,  and 
the  medium  in  the  remaining  flasks  was  replenished  again  with  fresh  medium  containing  the 
appropriate  concentration  of  fresh  hydrazine.  The  medium  was  changed  at  different  intervals 
in  the  various  experimental  schemes.  The  particular  timing  for  each  experiment  is  depicted 
in  the  figures. 


B .  Time  Growth  Curves 

To  determine  how  the  length  of  hydrazine  exposure  might  correlate  to  hydraz ine - induced 
effects  on  cell  cultures,  both  PTK2  cells  and  A-6  cells  were  treated  to  a  growth  suppressive 
concentration  of  hydrazine  (1.0  mM)  for  varying  lengths  of  time.  In  this  experiment,  the 
cells  were  set  up  and  harvested  in  the  previously  noted  manner  incorporating  the  following 
modifications:  at  the  indicated  initial  exposure  time  (Fig.  2,  arrows  at  day  2),  an  aliquot 

of  hydrazine  stock  solution  was  introduced  into  each  flask  of  established  cell  cultures  con¬ 
taining  freshly  replenished  medium.  The  flasks  of  cultures  were  then  divided  into  sets 
which  would  receive  exposures  to  hydrazine  for  24  hours,  96  hours,  or  throughout  the  duration 
of  the  experiment  (continuous).  In  the  A6  cell  line,  the  24  hour  flasks  received  just  one 
exposure  to  hydrazine  (at  the  time  point  indicated);  the  96  hour  exposure  received  fresh 
hydrazine  after  medium  changes  at  the  initial  time  point  (arrow,  Fig.  2),  day-3,  and  dav 
5;  the  continuous  exposure  group  received  fresh  hydrazine  after  medium  changes  at  the  initial 
time  point  (arrow,  Fig.  2),  aay  3,  day  S,  and  day  8.  The  PTK2  cells  received  the  same 
schedule  of  treatment  except  the  exposure  time  was  at  day  6  rather  than  at  day  5,  as  indi¬ 
cated  for  the  A6  cells.  Beyond  the  designated  time  of  exposure,  each  flask  in  a  set  was 
replenished  with  fresh  medium  and  an  equivalent  aliquot  of  0.01  NHC1  without  hydrazine. 


The  control  flasks  received  fresh  medium  containing  0.01N  HC1  at  all  time  points  indi¬ 
cated  in  Fig.  2. 
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C.  Selection  Growth  Curves 


Flasks  of  A6  cells  were  plated  out  as  previously  described.  Forty-eight  hours  after 
establishing  cell  cultures,  the  medium  in  the  flasks  was  discarded,  replenished  with  fresh 
medium,  and  supplemented  with  an  aliquot  of  stock  hydrazine  solution  to  yield  a  final  con¬ 
centration  of  1.0  mM.  This  procedure  was  repeated  at  48  hour  intervals  up  to  the  10th  day 
when  the  cultures  approached  confluency.  At  this  point,  these  hydrazine  "selected"  cells 
were  harvested  and  plated  out  in  flasks  for  growth  analysis  as  previously  described.  The 
above  procedure  was  then  repeated  with  the  following  modifications:  both  flasks  of  "se¬ 
lected"  A6  cells  and  parallel  flasks  of  non- selected ,  "naive"  A6  cells  were  treated  as 
described  with  1.0  mM  hydrazine  at  the  points  indicated  in  Fig.  3  throughout  the  experiment. 
Parallel  flasks  of  "selected"  cells  receiving  a  corresponding  aliquot  of  0.01N  HC1  without 
hydrazine  served  as  a  control. 

PTKj  Large  Cell  Analysis 

PTK2  cells  were  established  in  Rose  chamber  cultures  as  previously  described  except  that 
experimental  chambers  were  plated  out  in  medium  containing  1.0  mM  hydrazine.  The  chambers 
received  fresh  medium  (control  set)  and  medium  containing  1.0  mM  hydrazine  (experimental 
set)  at  48  hr  and  96  hr  post  plating.  Each  of  three  chambers  constituting  a  set  was  then 
photographed  at  twenty  random  sites  (40X,  Kodak  Panatomic  X  film,  ASA  32)  with  a  Zeiss  photo¬ 
microscope.  From  the  photographs,  the  frequency  of  mul t i nuc lea t i on  occurring  in  both  the 
control  and  experimental  population  was  tabulated.  Statistical  differences  between  the  two 
populations  were  determined  by  the  two  tailed  t-test  with  at  least  95!  confidence. 

PTK?  Cell  Fusion  Assay 

Two  sets  of  duplicate  T-25  flasks  were  set  up  with  10^  PTK?  cells  in  5  ml  of  medium. 

One  set  of  duplicate  flasks  received  1.0  mM  hydrazine  24  hr  after  plating,  and  the  second 
set  served  as  a  control.  Fresh  medium  was  substituted  36  hr  later  with  one  flask  from  each 
set  receiving  3H-thymidine  (2pCi/ml,  ICN  Pharmaceuticals,  Irvine,  CA) .  The  cells  in  each 
set  of  flasks  were  pulsed  for  8  hr,  rinsed,  enzymatically  removed  and  co-suspended  into  a 
a  common  culture  containing  both  3H- thymid ine - labeled  and  regular  cells.  Each  mixed  culture 
set  was  plated  into  two  Rose  chambers  (40  x  103  cells/ml  medium)  with  experimental  chambers 
again  receiving  1.0  mM  hydrazine.  After  12  hr,  glass  coverslips  with  the  adherent  cells 
were  fixed  in  medium  containing  2!  d ig 1 utaral ehvde  (EM  grade,  Polysciences,  Warrington,  PA) 
for  1  hr  at  room  temperature  and  overnight  at  4°C.  The  coverslips  were  then  washed  in  phos¬ 
phate  buffered  saline  and  mounted  on  glass  microscope  slides.  Autoradiography  was  performed 
in  total  darkness  as  follows:  the  slides  were  dipped  into  a  33!  aqueous  solution  of  Ilford 
nuclear  research  emulsion  type  L-4  (batch  PL-729  ,  Cl  BA- GE I  GY  Co.,  Ilford,  Ltd.,  Basidon 
Essex,  Essex,  England),  dried  for  1  hr  at  room  temperature  and  stored  in  a  dess icant -con¬ 
taining,  light  tight  box  (4°C) .  One  week  later,  the  slides  were  developed  using  Kodak  D-19 
developer  (5  min),  1!  aqueous  acetic  acid  stop  (15  sec),  Kodak  fixer  (5  min)  and  water 
rinse  (20  min);  all  solutions  were  used  at  18°C.  The  autoradiographs  were  stained  in  a 
filtered,  saturated  aqueous  methylen?  blue  solut ior.  (15  min)  and  destained  with  water. 
Permanent  mounts  were  made  of  the  slides  after  a  series  of  ethanol  dehydrations. 

Electron  Microscopy 

Xenopus  cells  (75  x  105  cells/ml)  were  plated  into  Rose  chambers  in  medium  containing 
either  0.01N  HC1  with  hydrazine  (final  experimental  culture  hydrazine  concentrations  from 
0.01  mM  to  1.0  mM)  or  corresponding  amounts  of  0.01N  HC1  alone  (control  cultures).  Fresh 
medium  containing  hydrazine  was  added  at  48  hr.  After  3  days,  the  cells  were  fixed  in  medi¬ 
um  with  2!  glutaraldehyde  (30  min  at  room  temperature,  and  overnight  at  4°C) ,  and  the  adher¬ 
ent  cells  on  the  glass  coverslips  were  processed  for  SEM  according  to  the  procedures  de¬ 
scribed  by  Cohen  et  al.  (1968).  The  coverslips  were  rinsed  5  min  in  phosphate  buffered 
saline  and  run  through  a  series  of  5  minute  dehydrations  in  aqueous  ethanol  (50-100!).  This 
was  followed  by  a  series  of  10  minute  et hano 1  - f reon  dehydrations  (30-  100!  freon  113), 
critical  point  drying  (Omar  SPE-900EX)  utilizing  freon  113,  and  gold  evaporation  (Technis 
Hummer  II,  3  min  at  10  V).  Covcrslip  specimens  were  mounted  with  silver  paint  on  aluminum 
studs  and  analyzed  on  a  Hitachi  HSSOO  scanning  electron  microscope  (15-20  KV,  tilt  angle  of 
30-55°).  Random  samples  of  cells  on  the  cove:  1  -s  were  examined  with  regard  to  the  quantitv 
of  cell  surface  projections  (light,  moderate,  .eavy  surface  detail)  that  each  cell  dis¬ 
played.  Tabulations  of  the  number  of  cells  displaying  each  type  of  surface  detail  were 
prepared  from  each  specimen  by  an  investigator  who  was  unaware  of  which  specimen  corresponded 
to  each  hydrazine  concent  rat  ion .  Evaluation  of  the  observed  data  was  verified  with  the 
student's  t-test  (confidence  level  at  least  95!). 

Heart  Culture/ Electro physiology 

Neonatal  rat  (1-2  days  old)  ventricular  cells  were  cultured  in  Rose  chambers  according 
to  the  methods  previously  described  (Kitzes  and  Berns,  1979).  Glass  micropipette  micro- 
electrodes  filled  with  2.7  M  K  citrate  were  utilized  for  intracellular  recording.  Electrodes 
were  selected  with  resistances  between  20  megohms  and  50  megohms.  Individual  contracting 
myocardial  cells  were  selected  for  impalement  by  observation  through  a  Nikon  inverted  phase 
microscope.  The  microclcctrode  was  carefully  lowered  into  the  selected  cell  using  a  de 
Fonbrune  pneumatic  m ic roman ipul a  tor ,  and  the  electrical  properties  of  the  cell  were  recorded 
and  analyzed  according  to  the  procedures  described  earlier  (Kitzes  and  Berns,  1979).  Re¬ 
cordings  were  made  both  before  exposure  to  hydrazine  and  during  the  indicated  times  after 
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the  medium  bathing  the  cells  was  replaced  by  medium  supplemented  with  0.01  mM,  0.1  mM  or 
1.0  mM  hydrazine. 


RESULTS 

Figure  1  demonstrates  the  basic  dose  related  growth  response  of  four  cell  types  to 
hydrazine  concentrations  of  0.01  to  10  mM.  Although  the  different  cell  types  expressed 
varying  degrees  of  sensitivity  towards  hydrazine,  all  cell  types  showed  several  common 
responses.  Hydrazine  was  cytotoxic  to  all  populations  tested  at  dosages  ranging  from  0.S  mM 
to  4  mM,  depending  on  the  cell  type.  At  lower  concentrations,  hydrazine  produced  a  dose 
dependent  suppression  (but  not  complete  inhibition)  of  population  growth  with  0.01  mM  to 
1.0  mM  being  the  threshold  range  of  response  for  most  cell  types  tested.  For  each  cell  type, 
there  appeared  an  optimum  dose  (OD)  of  hydrazine  which  initially  suppressed  population 
growth  from  control  levels  and  yet  allowed  the  treated  population  to  recover  to  log  phase 
growth.  This  dosage  appeared  to  be  1.0  mM  for  PTK2,  1.0  mM  for  A6,  0.1  mM  for  W1 38  and 
0.0S  mM  for  CH  cells.  The  return  of  OD  treated  populations  to  log  phase  growth  implies  that 
either  the  action  of  hydrazine  on  a  cell  may  be  short-lived  or  that  non- hydraz ine  sensitive 
cells  in  the  population  are  being  selected  for. 

In  addition  to  being  dose  dependent  (Fig.  1),  the  growth  suppression  seen  in  both  A6 
and  PTK2  cell  types  appeared  to  be  related  to  the  length  of  time  of  hydrazine  exposure. 

The  effects  caused  by  various  exposure  lengths  of  1.0  mM  hydrazine  on  PTK2  and  A6  cells  are 
illustrated  in  Fig.  2.  These  cultures  were  replenished  with  medium  containing  fresh  hydra¬ 
zine  at  the  initial  exposure  point  (arrow)  and  at  every  subsequent  data  point  up  to  24  hours 
or  96  hours.  The  cultures  designated  "continous"  received  fresh  hydrazine-containing  medi¬ 
um  at  each  data  point  throughout  the  experiment.  Beyond  the  designated  time  of  treatment, 
the  medium  was  replaced  at  each  data  point  with  fresh  medium  containing  no  hydrazine.  The 
net  population  increase  observed  in  cultures  receiving  fresh  hydrazine  containing  medium  at 
every  point  beyond  induction  is  noteworthy.  It  suggests  either  a  selection  of  genetically 
resistant  cells  or  a  physiological  adaptation  of  cells  to  hydrazine.  It  is  not  likely  that 
the  observed  effect  is  due  to  hydrazine  breakdown  in  the  medium;  if  this  were  occurring, 
at  least  an  initial  depression  in  growth  rate  should  be  observed  after  exposure  to  each 
fresh  hydrazine  application. 

To  test  for  the  selection  of  hydrazine  resistant  cells,  OD  treated  A6  cells  which 
achieved  log  phase  growth  (day  10)  were  replated  and  treated  anew  with  fresh  hydrazine 
(Fig.  3).  The  "selected"  cells  responded  to  hydrazine  treatment  with  severe  population 
growth  suppression  similar  to  the  untreated  "naive"  cells.  The  difference  between  the 
growth  rates  of  "selected"  and  "naive"  cells  was  insignificant  when  compared  to  the  control 
growth  rate.  There  was  no  appreciable  difference  between  growth  rates  of  untreated  "naive" 
and  untreated  "selected"  controls  (data  not  shown).  These  results  indicate  that  no  genetic 
selection  was  operating  in  the  observed  recovery  from  hydraz ine - induced  growth  suppression. 
Further  attempts  to  detect  hydraz ine- induced  genetic  mutation  in  several  cell  lines  via 
ouabain  resistance  and  growth  in  sloppy  agar  were  completely  unsuccessful. 

Besides  unsuccessful  mutation  assays,  several  other  experiments  were  pertormed  to 
detect  hydraz  ine- induced  cellular  anomalies  which  could  account  for  the  behavior  of  the 
experimental  populations.  Examination  of  earlier  Coulter  counter  data  of  control  and  hydra¬ 
zine  treated  populations  revealed  an  apparent  cell  size  increase  in  the  experimental  cul¬ 
tures  (Fig.  4).  In  a  typical  dose  response  growth  curve  of  72  hr  treated  populations,  the 
experimental  cultures  had  a  measurably  larger  mean  cell  volume  than  the  control  cultures 
(plots  of  cell  populations  are  taken  from  day  S  samples  of  control  and  1.0  mM  treated  A6 
and  PTK2  cells  shown  in  Fig.  1).  Further  microscopic  analysis  of  PTK2  cells  revealed  sig¬ 
nificantly  more  mul t i nuc lcate  cells  in  1.0  mM  hydrazine  treated  populations  than  in  control 
populations  (Table  l,  Fig.  5).  This  threefold  increase  in  mul t i nuc lcat ion  resulted  in 
each  of  triplicate  experiments  performed. 

The  increase  in  cellular  mult i nucleat ion  suggests  that  hydrazine  may  act  to  produce 
either  abnormal  mitosis  resulting  in  multiple  nuclei  or  cell  surface  alterations  promoting 
cell  fusion.  Experiments  were  undertaken  to  test  for  both  possibilities  in  1.0  mM  treated 
cell  populations.  Because  PTK2  cells  remain  perfectly  flat  throughout  mitosis  (Rattner  and 
Berns,  1974),  it  was  possible  to  carefully  observe  mitosis  by  light  microscopy.  Studies 
employing  still  and  time  lapse  photography  revealed  no  difference  in  mitotic  abnormalities 
between  control  and  treated  populations.  However,  evidence  for  increased  cell  fusion  in 
hydrazine  treated  populations  implicated  the  cell  surface  as  a  possible  target  site  for 
hydrazine  action  (Table  2).  In  a  mixed  population  of  PTK2  cells  having  either  regular  or 
’((-tagged  nuclei,  the  presence  of  mu  1 1 i nuc 1 eated  cells  containing  both  types  of  nuclei 
(tagged  and  untagged)  suggested  that  cell  fusion  was  occurring.  There  was  a  fivefold  in¬ 
crease  of  these  types  of  cells  in  the  hydrazine  treated  populations  as  compared  to  the 
control  populations  (Fig.  6  and  Table  2).  Furthermore,  the  quantity  of  these  cells  com¬ 
prising  the  entire  mu  1 1 i nuc 1  cate  population  of  a  culture  was  significantly  higher  (1.5 
fold)  in  the  hydrazine  exposed  cultures  than  in  control  cultures. 

To  further  investigate  membrane  effects,  cell  surface  morphologies  of  hydrazine  treated 
and  control  A6  cells  were  studied  (Fig.  7).  Table  3  presents  data  showing  the  effect  of 
hydrizine  on  the  cell  surface.  It  is  clearly  evident  that  there  is  a  significant,  inverse 
relationship  between  the  hydrazine  concentration  a  cell  received  and  the  amount  of  SEM  de¬ 
tectable  cell  surface  projections  it  displayed.  Furthermore,  this  inverse  relationship  is 
concentration  dependent,  paralleling  the  results  of  the  growth  response  curves. 
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Since  the  cell  fusion  data  and  the  SEM  data  implicated  the  cell  membrane  as  a  primary 
site  of  hydrazine  action,  additional  studies  were  undertaken  to  examine  the  effect  of  hydra¬ 
zine  (0.01  mM  to  1  .,0  mM)  upon  membrane  associated  electrical  and  contractile  activities  of 
neonatal  rat  myocardial  ventricular  cells  in  culture. 


A  typical  intracellular  recording  of  spontaneous 
mically  contracting  heart  cell  is  shown  in  Fig.  8a. 
approximately  -60  mV,  and  the  action  potentials  occur 
ond.  In  Figs.  8b  and  8c  are  shown  typical  recordings 
of  the  culture  to  0.01  mM  hydrazine.  Three  effects  a 
the  resting  membrane  potential,  (2)  a  reduction  of  ac 
disruption  of  discharge  rhythmicity.  These  electrica 
ruption  of  the  rhythmic  contractile  behavior  of  the  c 
returned  to  almost  normal  status  30  min  after  cells  i 
0.01  mM  hydrazine  (.fig.  8d)  . 


action  potentials  recorded  in  a  rhyth- 
The  resting  membrane  potential  is 
at  a  rate  of  approximately  1  per  sec- 
1C  min  and  20  min  following  exposure 
re  apparent;  (1)  a  depolarization  of 
tion  potential  amplitude,  and  (3)  a 
1  changes  were  accompanied  by  a  dis¬ 
ell.  However,  electrical  activity 
nitially  received  medium  containing 


Exposure  to  0.1 
brane  potential  that 
action  potential  dis 
cell  was  not  contrac 
trical  and  contracti 
Cells  exposed  to  1.0 
experimental  medium, 
panied  by  occasional 
cells  resumed  appare 
z ine- conta ining  medi 
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mM  hydrazine  (Fig.  9b)  resulted  in  (1) 
is  still  evident  IS  min  after  exposure 
charge,  and  (3)  arrhythmic  baseline  act 
ting.  At  this  hydrazine  concentration, 
le  activity  after  45  min  in  the  hydrazi 
mM  hydrazine  (Fig.  10)  did  not  recover 
At  this  time  (Fig.  10),  only  very  abe 
small  and  typical  contractile  activity 
ntly  normal  electrical  and  contractile 
um  was  replaced  with  normal  medium  (dat 


a  more  severe  reduction  in  mem- 
,  (2)  a  complete  absence  of 
ivity.  During  this  time,  the 
the  cells  resumed  normal  elec- 
ne  supplemented  medium  (Fig.  9c). 

after  45  min  to  1  hr  in  the 
rrant  electrical  activity  accom- 
was  observed.  However,  these 
activity  15  min  after  the  hydra- 
a  not  shown) . 


The  purpose  of  this  study  was  to  examine  the  basic  cellular  effects  of  hydrazine. 
Previous  studies  have  linked  hydrazine  and  its  derivatives  with  carcinogenic  and  mutagenic 
effects.  Carcinogenic  effects  of  the  hydrazine  analogue  1,  2,  dimethyl  hydrazine  have  been 
reported  i_n  vivo  in  studies  of  rodent  intestines  (Barlka  and  Tutton,  1977,  1978;  Jacobs, 

1977;  Mak  and  Chong,  1978;  Richards,  1977;  Sunter  et  al.  1978;  Toth  et  al .  1976)  and  blood 
vessels  (Toth  and  Wilson,  1971).  Hydrazine  has  been  shown  to  mutate  DNA  from  a  variety  of 
sources  (Raphalian,  1966;  Dave,  1977;  Brown,  1967;  Brown  et  al.,  1966;  Gupta  and  Grover, 

1970;  Kak  and  Kaul,  1975;  Kimball,  1977;  Kimball  and  Hirsch,  1975,  1976;  Lemontt,  1977). 

These  effects  appear  as  the  result  of  the  chemical  treatment  of  selected  target  tissues 
under  specific  conditions.  In  this  study,  however,  a  diverse  variety  of  tissue  culture 
cell  types  weie  employed  to  ascertain  the  basic  cellular  effects  of  hydrazine. 

The  noted  hydraz ine - induced  growth  effects  shown  in  this  study  could  be  classified  into 
two  basic  types  of  responses.  First  of  all,  the  cells  demonstrated  a  concentration  dependent 
response  to  hydrazine  treatment  (Figs.  1,  8,  9,  10  and  Table  3).  In  these  studies,  different 
hydrazine  concentrations,  usually  spanning  3  or  4  orders  of  magnitude,  caused  effects 
ranging  from  imperceptible  cellular  changes  to  lethality.  Within  this  concentration  range, 
the  cells  could  survive,  proliferate,  and  function.  Secondly,  in  the  growth  response  curves, 
the  growth  rate  remained  depressed  while  cells  received  intermittent  rechallenges  to  the 
higher  hydrazine  concentrations;  however,  the  growth  rates  resumed  normal  log  phase  levels 
when  hydrazine  containing  medium  bathing  the  cells  was  replaced  with  normal  medium  (Figs. 

2,  3  Control--see  Methods).  At  the  lower  concentrations  of  hydrazine  treatment,  the  cells 
exhibited  an  initial  depression  in  growth,  but,  upon  re-exposure  to  fresh  hydrazine,  they 
appeared  to  attain  a  normal  growth  rate.  Likewise  in  heart  cell  cultures,  the  aberrant 
electrical  and  contractile  effects  produced  by  the  presence  of  1.0  mM  hydrazine  abated  when 
these  cell;  were  washed  and  bathed  in  normal  medium.  In  the  presence  of  low  hydrazine  con¬ 
centrations,  treated  heart  cells  appeared  to  show  some  recovery  from  the  observed  effects 
(Figs.  8,  9). 


The  mechanism  whereby 
clear.  It  seems  possible 
capacity  of  exposed  cells 
tion  of  "tolerant"  cells  i 
genetically  resistant  cell 
refractory  state.  Regardl 
of  selection  or  tolerance, 
ulations,  rather  than  a  fc 
4).  Furthermore,  Fig.  3  i 
ruptive  but  non-mutat ional 
these  concentration  depend 
interfering  with  a  common 
electrophys iologica 1  studi 
the  cell  surface  may  be  a 
of  mul t inuc leat ion  by  cel 
the  cell  surface  is  a  majo 


treated  cells  rebound  in  the  presence  of  fresh  hydrazine  is  un- 
that  this  "tolerance”  or  "recovery"  may  be  due  to  an  increased 
to  inactivate  hydrazine  or  its  effectual  metabolite.  The  produc- 
n  the  presence  of  hydrazine  could  also  suggest  the  selection  of 
s  or  the  alteration  of  an  affected  organelle  to  a  hydrazine- 
ess  of  the  mechanism,  it  appears  that  hydrazine  evokes  some  form 
This  observation  is  supported  by  data  showing  that  entire  pop- 
w  selected  cells,  seem  altered  by  hydrazine  treatment  (Figs.  3, 
ndicates  that,  in  the  tissues  studied,  hydrazine  acted  in  a  dis- 
manner.  It  therefore  seems  logical  that  hydrazine  may  elicit 
ent  and  reversible  responses  by  actively  and  non-mutagen ical ly 
cellular  site  in  a  wide  spectrum  of  cell  types.  The  SEM  and 
es,  which  were  done  on  very  different  cell  types,  suggest  that 
common  target  site  of  hydrazine  action.  Furthermore,  the  increase 
1  fusion  seen  in  hydrazine  treated  cultures  also  indicates  that 
r  site  of  this  compound's  action. 


The  above  observation  is  further  supported  by  the  literature  in  which  hydrazine  deriv¬ 
atives  have  been  shown  to  elicit  a  wide  variety  of  effects  in  studies  performed  on  biological 
membranes  (Balduini,  et  al.,  1977;  Barkla  and  Tutton,  1977;  Braun  and  Wolfe,  1977;  Caroni, 
1977;  Jain  and  Subrahamanyam,  1978;  Jain  et  al.,  1977;  Jain  ct  al . ,  1978;  Katsumata  et  al., 
1977;  McLean  ct  al.,  1978;  Tsau  et  al . ,  1977;  Walter  ct  al.,  1978;  Zimmer,  19771.  The 
observations  of  these  numerous  studies  support  the  view  that  the  hydraz ine- induced  cellular 
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effects  seen  in  our  data  stem  from  membrane  interactions  with  this  compound.  Furthermore, 
it  seems  logical  that  such  a  strong  reducing  agent  as  hydrazine  would  directly  affect  the 
cell  structure  it  first  contacts. 
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Fig.  1.  Growth  response  curves  of  four  cell  lines  (PTK7,  W I  -  38,  A-6  and  CH  to  solutions 
containing  the  indicated  hydrazine  concentrations.  Cells  were  exposed  to  fresh  hydrazine 
at  every  point  along  the  graph  throughout  the  duration  of  the  experiment.  Arrows  indicate 
the  point  of  initial  treatment. 
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fig.  3.  Effects  of  !  .  0  mM  hydrazine  on  the  growth  rates  of  two  suh - populat ions  of  A6  tells, 
"selected”  cells,  which  had  been  grown  to  confluency  in  the  presence  of  1.0  mM  hydrazine, 
and  "naive”  or  unsclccted  Ah  cells.  Both  populations  were  treated  with  hydrazine  throughout 
the  experiment  from  initial  time  of  exposure  (indicated  by  arrow!. 


fig.  1.  isee  preceding  page}  Growth  curves  of  A6  cells  and  PTK->  cells  treated  with  1.0 
mM  hydrazine  for  varying  exposure  periods.  Established  cu 1 1 ures “ rece i ved  med  i  um  conta i n i ng 
fresh  hydrazine  at  each  point  from  the  initial  point  of  treatment  (indicated  by  arrow)  up 
to  the  designated  time  -  24  hours,  96  hours,  or  throughout  the  duration  of  the  experiment 
(continuous).  Beyond  the  indicated  treatment,  the  cultures  received  fresh  medium  without 
hydrazine  at  each  subsequent  point. 


CELL  VOLUME 


Fig.  4.  Iffect  of  1.0  mM  hydrazine  on  the  relative  distribution  of  individual  cell  volumes 
from  PTKi  and  Ab  suspended  cell  cultures  (from  Fig  1,  day  5)  as  determined  by  Coul ter  counter 
channelvzer  plots.  Abscissa  represents  100  graded  relative  cell  volume  channels.  Ordinate 
illustrates  the  number  of  cells  in  a  population  fitting  a  certain  channel  size;  maximum  cell 
number  per  channel  «  1,000. 
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Table  1.  Incidence  of  multinucleation  occurring  in  both  control  PTK2  cultures  and 
experimental  cultures  treated  for  2  days  with  1.0  mM  hydrazine. 


Uninucleated 

Mult inucleated 

Total  » 

cel  Is 

cells 

cell  s 

(3) 

CD 

Control  Cultures 

92 

8 

170 

Experimental  Cultures 
(hydrazine  treated) 

78 

22* 

159 

*  Hydrazine  treated  cultures  had  significantly  more  mul t inucl en te  cells  than  did  controls 
(at  least  95$  confidence)  . 


Fig.  5.  Phase  contrast  micrographs  of  PTK^  control  cultures  (A)  and  72  hr,  1.0  mM  hydrazine 
treated  cultures  (B) .  Magnification  =  2200X. 
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fable  3.  effects  of  various  hydrarine  dosages  on  SHM  detectable  Xenopus  cell  surface 
projection. 
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Statistical  analysis  verified  a  significant  difference  in  the  quantity  of  light  or  heavy 
cell  surface  projection  present  between  populations  of  control  cultures  and  populations 
receiving  either  0.1  mM  or  1.0  raM  hydrazine  (confidence  level  at  least  95®). 
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a  Control  k  O.OlmM  Hydrazine 


Fig.  8.  Effects  of  exposure  to  0.01  mM  hydrazine  on  the  spontaneous  intracellular 
electrical  activity  of  rhythmically  contracting  myocardial  cells  in  culture:  (A)  control 
activity  (no  exposure  to  hydrazine);  electrical  activity  after  exposure  to  0.01  mM  hydra¬ 
zine  for  ( B)  10  minutes;  (C)  20  minutes;  and  (D)  30  minutes. 
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Fig.  9.  Effects  of  exposure  to  0.1  mM  hydrazine  (A)  Control;  fB)  15  minutes  after  culture 
received  0.1  mM  hydrazine  solution;  (C)  45  minutes  after  culture  received  0.1  mM  solution. 


Fig.  10.  Effects  of  exposure  to  1.0  mM  hydrazine  (A)  control  activity,  (B)  aberrant 
electrical  activity  after  1  hr  in  1.0  mM  solution  hydrazine. 
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SUMMARY 

Hydrazine  is  used  in  the  United  States  Department  of  Defense  as  a  bipropellant 
mixture  with  unsymmetrical  d imethyl hydra z ine  in  missile  operations,  as  a  monopropellant 
to  power  aircraft  emergency  power  systems,  and  as  an  oxygen  scavenger  in  shipboard 
boiler  water  treatment.  It  also  finds  a  wide  variety  of  uses  in  the  civilian  community. 
For  more  than  a  decade  it  has  been  known  that  hydrazine  administered  o rally  at  high 
doses  in  mice  caused  increased  tumor  formation.  However,  no  data  were  available  to 
evaluate  the  cancer - produc ing  hazard  from  occupational  inhalation  exposures.  Studies 
were  therefore  conducted  to  evaluate  the  long-term  effects  of  airborne  hydrazine  at 
levels  near  the  present  and  proposed  Threshold  Limit  Value  concentrations.  Repeated 
daily  inhalation  exposure  to  5  parts  per  million  (ppm)  hydrazine  induced  nasal  tumors 
in  Fischer  344  male  and  female  rats  and  in  male  Golden  Syrian  hamsters.  Repeated 
exposure  to  1  ppm  also  produced  nasal  turbinate  tumors  in  rats  and  pulmonary  adenomas 
in  female  C57B1/6  mice.  The  inhalation  exposures  to  the  rodents  were  conducted  for 
6  hours  per  day,  5  days  per  week  over  a  12-month  period.  The  hamsters  were  held  for 
an  additional  12-month  postexposure  observation  period  and  the  survivors  were  necropsied. 
Rats  and  mice  were  held  18  months  postexposure.  The  nasal  turbinate  tumor  incidence  in 
rats  was  dose  related.  Increased  tumor  incidence  occurred  in  both  mice  and  hamsters  at 
the  maximum  tolerated  repeated  inhalation  dose.  No  statistically  significant  tumorigenic 
effects  occurred  after  repeated  exposure  to  0.05  and  0.25  ppm  hydrazine  concentrations 
which  spanned  the  American  Conference  of  Governmental  Industrial  Hygienists  recommended 
Threshold  Limit  Value. 


BACKGROUND 

Hydrazine  (N2Hi,)  is  a  highly  reactive  reducing  agent  which  is  widely  used  as  an 
intermediate  in  organic  synthesis  and  either  singly  or  in  combination  with  other  hydra¬ 
zines  as  a  missile  propellant.  An  important  and  increasing  use  of  hydrazine  is  that  of 
a  boiler  feed  water  additive  as  an  oxygen  scavenger.  It  is  a  colorless  polar  liquid, 
weakly  basic,  and  it  fumes  in  air.  It  has  a  slightly  ammoniacal  odor. 

Clark1  provided  a  detailed  review  of  the  toxicology  and  pharmacology  of  propellant 
hydrazines.  Hydrazine  is  a  strong  convulsant  at  high  doses  but  may  cause  central  nervous 
system  depression  at  lower  doses.  Animals  may  die  acutely  of  convulsions,  respiratory 
arrest,  or  cardiovascular  collapse  within  a  few  hours  of  an  acute  exposure  by  any  route 
of  administration,  or  may  die  two  to  four  days  later  of  liver  and  kidney  toxicity.2*3 
Jacobson  et  al.1*  reported  the  4-hour  LC50  value  as  252  ppm  (330  mg/m3)  for  the  mouse 
and  570  ppm  (750  mg/m3)  for  the  rat.  House5  exposed  monkeys,  rats,  and  mice  to  a 
hydrazine  concentration  of  1.0  ppm  continuously  for  90  days.  Though  mortality  was  very 
high,  some  animals  survived.  Ninety-six  percent  of  the  rats  and  98'  of  the  mice  died 
during  the  exposure,  while  monkeys  proved  to  be  the  most  resistant  species  with  only  a 
20%  mortality.  Comstock  et  al.6  exposed  dogs,  in  separate  experiments,  to  5  and  14  ppm. 
Two  dogs  survived  the  repeated  six-hour  exposures  to  5  ppm  hydrazine  for  six  months, 
and  two  of  four  dogs  lived  after  194  six-hour  exposures  to  14  ppm.  Two  of  four  dogs 
died  during  the  third  and  fifteenth  weeks  in  a  debilitated  condition.  The  dog  that  died 
during  the  fifteenth  week  had  a  severe  convulsive  seizure  prior  to  death.  Prior  to 
death,  both  dogs  showed  signs  of  anorexia  and  general  fatigue.  Changing  diets  and 
forced  feedings  resulted  in  the  survival  of  the  remaining  two  dogs. 

A  six-month  chronic  inhalation  study  of  hydrazine  was  reported  by  Haun  and  Kinkead7 
which  employed  four  exposure  groups  and  an  unexposed  control  group.  Each  group  was 
comprised  of  8  male  beagle  dogs,  4  female  rhesus  monkeys, -50  male  Sprague- Dawlcy  rats, 
and  40  female  ICR  mice.  The  experimental  groups  were  exposed  to  vapors  of  hydrazine 
either  at  concentrations  of  1.0  or  0.2  ppm  continuously,  or  at  5.0  and  1.0  ppm  inter¬ 
mittently.  The  continuous  exposures  were  designed  to  approximate  the  same  weekly  doses 
of  hydrazine  received  by  the  intermittent  exposure  groups,  with  continuously  exposed 
animals  receiving  168  and  33.6  ppm-hours  of  hydraz ine/week  and  intermittently  exposed 
animals  150  and  30  ppm- hours/wcek .  Dogs  exposed  at  the  higher  dose  levels,  cither  inter¬ 
mittently  or  continuously,  exhibited  10-20%  reductions  in  erythrocyte,  hematocrit,  and 
hemoglobin  values  which  continued  throughout  the  six-month  exposure  but  returned  to 
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control  values  within  two  weeks  after  the  exposure  ended.  Hematology  values  for  dogs 
exposed  to  lower  doses  remained  within  the  normal  limits  of  the  control  group. 

Rats  showed  a  dose-related  growth  rate  depression  and  a  sustained  difference  in 
group  average  weights  of  up  to  35  grams  throughout  the  exposure.  Weight  loss  in  dogs 
which  occurred  only  in  the  high  dose  group  was  recovered  within  two  weeks  postexposure, 
suggesting  that  the  loss  was  due  to  appetite  suppression.  Gross  and  microscopic  exami¬ 
nation  of  tissues  from  these  animals  taken  at  termination  of  the  exposure  showed  fatty 
liver  changes  in  mice  and  dogs  at  the  high  exposure  dose  levels  but  no  exposure-related 
changes  in  the  livers  of  monkeys  and  rats. 

Ten  mice  and  10  rats  from  each  of  the  exposure  groups  were  held  for  a  year  post¬ 
exposure  period.  Most  of  the  rats  in  the  two  high  dose  groups  died  within  6-8  weeks 
postexposure  from  chronic  pulmonary  disease.  This  infection  spread  to  the  other  groups 
housed  in  the  same  animal  room.  Consequently,  none  of  the  rats  survived  long  enough  to 
evaluate  the  carcinogenic  potential  of  inhaled  hydrazine  for  this  species. 

Approximately  half  of  the  mice  in  each  group  were  alive  one  year  postexposure. 
Tumorigenic  changes  in  these  mice  were  reported  by  MacEwen  et  al.  in  1974. 8  Mice 
exposed  to  the  high  doses  (continuous  exposure  to  1  ppm  hydrazine  or  intermittent 
exposure  to  S.O  ppm)  had  increased  incidences  of  al veolargenic  carcinomas,  lympho¬ 
sarcomas,  and  hepatomas.  Both  lower  dose  groups  had  an  increased  incidence  of 
alveolargenic  carcinomas  when  compared  with  unexposed  controls.  The  total  tumor 
incidence  appeared  to  be  dose  related:  approximately  871  tumor  incidence  occurred  at 
the  high  dose  level;  334  at  the  low  dose  level;  and  124  in  the  unexposed  control  group. 
Although  the  group  sizes  were  very  small,  the  findings  were  important  in  that  they 
demonstrated  tumorigenic  response  at  the  current  Threshold  Limit  Value. 

Since  hydrazine  inhalation  at  the  Threshold  Limit  Value  increased  the  incidence  of 
pulmonary  tumors  in  mice,  a  more  comprehensive  oncogenic  study  of  hydrazine  effects  on 
multiple  species  was  undertaken. 

EXPERIMENTAL  DESIGN  AND  RESULTS 

The  objectives  of  this  study  were  to  evaluate  (a)  the  chronic  effects  of  inhaled 
hydrazine  on  rats,  mice,  hamsters,  and  dogs  and  (b)  the  oncogenic  potential  of  hydrazine 
in  rodents  observed  for  a  maximum  period  of  1-1/2  years  after  one  year  of  industrial- 
type  inhalation  exposure.  The  animals  used  in  this  study  were  CS7B1/6  mice  obtained 
from  the  Jackson  Laboratories,  CDF  (Fischer  344  derived)  albino  rats  from  Charles  River, 
Engle  Golden  Syrian  hamsters,  and  beagle  dogs.  The  number  of  animals  of  each  species 
and  sex  are  listed  in  Table  1  which  also  shows  the  exposure  concentrations. 

TABLE  1.  EXPERIMENTAL  DESIGN  FOR  HYDRAZINE  INHALATION 
EXPOSURE  CONCENTRATIONS 


Hydrazine  Number 

Concentration,  ppm  Species  and  Sex  of  Animals 


0.05  Rats,  male  100 

Rats,  female  100 

Mice,  female  400 

0.25  Hamsters,  male  200 

Mic< ,  female  400 

Rats,  male  100 

Rats,  female  100 

Dogs,  male  4 

Dogs,  female  4 

1.0  Hamsters,  male  200 

Mice,  female  400 

Rats,  male  100 

Rats,  female  100 

Dogs,  male  4 

Dogs,  female  4 

5. 0  Rats,  male  100 

Rats,  female  100 

Hamsters,  male  200 

Control  Rats,  male  150 

Rats,  female  150 

Mice,  female  800 

Mamstct  ,  ma  1  e  200 

Dogs,  male  4 

Dogs,  female  4 


The  exposure  concentrations  were  selected  to  span  the  range  from  a  certainly  toxic 
level  to  the  current  Occupational  .Safety  anJ  Health  Administration  (OSHA)  Threshold 
Limit  Value  for  exposure  to  hydrazine  (1  ppm)  and  the  proposed  American  Conference  of 
Governmental  Industrial  Hygienists  (ACGIH)  Threshold  Limit  Value  of  0.1  ppm.  The  5  ppm 
exposure  concentration  was  selected  as  a  maximum  tolerable  exposure  dose  which  would 
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produce  some  biological  response  without  causing  death  in  hamsters  and  rats.  Mice  and 
dogs  were  not  exposed  at  this  concentration,  because  prior  studies  (Haun  and  Kinkead7) 
had  shown  that  repeated  daily  exposures  to  5  ppm  hydrazine  caused  death  in  these  species. 

The  inhalation  exposures  were  conducted  on  a  6  hour/day,  5  day/week  schedule  for  a 
one-year  period  without  exposures  on  weekends  and  holidays.  The  animals  were  exposed  in 
Thomas  Dome  exposure  chambers  (Thomas9)  at  a  slightly  negative  pressure  (7 25  mm  Hg)  to 
insure  a  complete  seal  and  to  prevent  contam inat ion  of  the  surrounding  laboratories  and 
personnel.  All  animals  were  observed  hourly  during  the  12-month  hydrazine  exposure 
phase  of  the  study  and  daily  during  the  postexposure  phase.  Rats,  dogs,  and  hamsters 
were  weighed  individually  at  biweekly  intervals  during  exposure  and  monthly  during  the 
postexposure  period.  Mice  were  weighed  in  cage  groups  and  group  means  followed  on  a 
monthly  schedule  throughout  the  entire  study. 

Blood  samples  were  drawn  from  dogs  at  biweekly  intervals  during  the  exposure  phase 
and  clinical  determinations  made  for  the  following  battery  of  tests: 


RBC 

WBC 

HCT 

11GB 

Sodium 
Potass i um 
Calcium 


Glucose 
Total  Protein 
Albumin 
Globul in 
A/G  Ratio 
SGPT 

Alkaline  Phosphatase 


Animals  that  died  or  were  killed  during  the  study  were  necropsied  following  the 
National  Cancer  Institute  protocol.  The  necropsy  consisted  of  an  external  examination, 
including  all  body  orifices,  and  the  examination  and  fixation  of  portions  of  approxi¬ 
mately  44  tissues. 


Although  not  dose  dependent,  growth  was  reduced  in  all  hydrazine-exposed  rats  during 
exposure,  but  the  effect  was  most  significant  in  the  male  rats  exposed  to  the  5  ppm  con¬ 
centration.  The  differences  between  exposed  and  control  animals  were  maintained  at 
relatively  constant  levels  during  the  first  12  months  postexposure  but  became  less 
significant  during  months  25  to  30  of  the  study  as  the  weight  decline  of  the  aging 
animals  was  observed.  The  effect  of  depressed  growth  in  female  rats  was  not  as  pro¬ 
nounced  as  in  males  during  the  exposure  phase  but  was  significant  and  became  more 
noticeable  during  the  postexposure  observation  period.  Hamster  body  weights  were 
depressed  for  all  exposure  groups  but  also  exhibited  an  inexplicable  cyclic  phenomenon 
common  to  all  groups  exposed  as  well  as  the  unexposed  that  was  relatively  severe  in  all 
groups.  In  the  final  months,  only  the  5  ppm  hydrazine  exposed  group  continued  to  show 
a  significant  weight  difference  from  controls.  Mice  were  not  exposed  to  the  5  ppm 
hydrazine  atmosphere.  Body  weights  of  mice  were  unaffected  by  chronic  exposure  to 
inhaled  hydrazine  at  1  ppm  or  less. 


There  was  no  significant  increase  in  the  mortality  experience  of  the  hydrazine- 
exposed  mice,  rats,  hamsters,  or  dogs.  Gross  histopathologic  examinations  were  performed 
on  all  rodents  that  died  during  the  course  of  the  study  or  were  sacrificed  at  completion 
of  the  postexposure  period.  Histopathologic  examinations  were  conducted  in  accordance 
with  the  National  Cancer  Institute  protocols  on  approximately  33  tissues  from  all  animals 
with  the  exception  of  a  few  in  which  postmortem  changes  were  extensive  or  cannibalism 
prevented  examinations. 

Surviving  hamsters  were  sacrificed  one-year  postexposure,  and  their  tissues  were 
examined  by  pathologists  of  the  Veterinary  Science  Division  at  Brooks  Air  Force  Base, 
Texas.  Tumor  and  nontumor  nomenclature  was  developed  by  this  group  for  automated  data 
processing  of  the  results  from  hamsters.  Tumor  incidence  tables  were  compiled,  and 
statistical  analyses,  using  the  Fisher  Exact  Test,  were  performed  by  the  University  of 
California,  Irvine,  staff.  Since  rat  mortality  was  very  low  after  one-year  postexposure , 
10”  of  the  survivors  were  sacrificed  and  tissues  collected  as  previously  described.  The 
study  was  terminated  after  30  months  (18  months  postexposure),  and  all  surviving  rats 
were  necropsied.  Mouse  mortality  approached  90$  in  the  18th  postexposurc  month  for  the 
first  set  of  animals  including  the  0.05  ppm  and  0.25  ppm  hydrazine-exposed  mice  and 
their  controls.  The  second  set  of  mice,  including  the  1  p pro  hydrazine  exposure  group 
and  tiieir  controls,  was  terminated  at  132  weeks  which  was  3  weeks  longer  than  the  first 
set.  Tissues  from  both  rats  and  mice  were  sent  to  the  Huntingdon  Research  Centre  in 
Huntingdon,  England,  for  histopathologic  examination.  Rats  were  examined  by  Dr.  C.P. 
Cherry  and  mice  by  Dr.  J.M.  Offer  under  the  supervision  of  Dr.  D.E.  Prentice. 


Table  2  shows  the  tumor  incidence  in  the  various  groups  of  exposed  and  control 
hamsters.  The  outstanding  finding  in  hamsters  is  a  statistically  significant  increase 
in  benign  nasal  polyps.  These  tumors  were  seen  in  16/100  of  the  5  ppm  exposed  animals; 
only  one  in  the  control  group.  The  only  other  tumor  types  of  possible  importance  arc 
those  of  the  colon  in  the  5  ppm  exposure  group.  There  were  three  primary  adenocarcinomas, 
one  benign  leiomyoma,  and  one  benign  papilloma.  When  these  tumor  types  were  separately 
subjected  to  the  Fisher  Exact  Test,  none  showed  statistical  significance.  There  was  a 
rather  large  incidence  of  cortical  adenomas  in  the  adrenals  of  all  groups  of  exposed 
hamsters  but  with  incidence  rates  lower  than  that  in  the  control  group.  This  type  of 
tumor  is  commonly  scon  in  aged  hamsters.  Incidence  of  other  tumors  in  the  various  organs 
was  low.  No  biological  significance  is  attached  to  the  increase  in  benign  thyroid 
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adenomas  limited  to  the  U.2S  ppm  hydrazine 
adrenal  cortical  adenomas  may  indicate  some 
seen  with  leukemia  incidence  in  rats. 


exposure  group, 
antineoplastic 


The  reduced  incidence  of 
activity  as  will  also  be 


TABLE  2.  TUMOR  INCIDENCE  IN  CONTROL  AND  HYDRAZINE-EX60SED 
MALE  GOLDEN  SYRIAN  HAMSTERS + 


Unexposed 

Controls 

0.25  ppm 
Exposed 

1 . 0  ppm 
Exposed 

5.0  ppm 
Exposed 

1/181 

0/181 

0/181 

0/181 

0/181 

0/154 

0/154 

0/1S4 

1/154 

0/154 

1/148 

1/148 

0/148 

0/148 

0/148 

16/160** 
0/160 
1/16  9 
0/160 
2/160 

1/179 

0/179 

0/154 

0/1S4 

1/146 

0/146 

0/155 

2/155 

1/180 

0/160 

0/148 

0/159 

1/160 

1/160 

1/160 

1/129 

2/129 

0/129 

0/130 

0/129 

0/129 

2/138 

0/138 

0/138 

0/157 

0/134 

1/136 

0/135 

0/177 

0/152 

0/148 

1/156 

5/  167 

0/167 

4/143 

1/143 

5/140 

0/140 

6/146 

0/  .46 

1/179 

1/179 

2/164 

0/164 

0/  i  4  5 
0/145 

0/160 

0/160 

1/145 

0/145 

0/145 

0/145 

1/117 

4/117* 

1/117 

0/117 

0/127 

1/127 

0/127 

0/127 

0/137 

0/137 

0/137 

4/137 

3/111 

V88 

2/82 

2/100 

40/177 

6/177 

18/155 

5/155 

19/141 

3/141 

23/153 

4/153 

0/169 

0/169 

1/149 

0/149 

0/140 

2/140 

0/145 

1/145 

0/161 

2/1S2 

0/139 

0/147 

0/114 

0/98 

0/99 

0/107 

1/148 

1/140 

0/132 

0/141 
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TABLE  2.  (CONTINUED) 


TUMOR  TYPE 

Unexposed 

Controls 

0.25  ppm 
Exposed 

1 . 0  ppm 
Exposed 

5.0  ppm 
Exposed 

Colon 

adenocarcinoma  (P) 

0/158 

0/146 

2/129 

3/139 

Leiomyoma  (B) 

0/158 

0/146 

0/129 

1/139 

Papilloma  (B) 

0/158 

0/146 

0/129 

1/139 

Total 

Tumors 

'07138 

U7T7S 

TJTF5 

37TT9*’ 

Skin 

Leiomyoma  (B) 

0/170 

1/161 

0/146 

0/147 

Squamous  Cell  Carcinoma 

(P) 

0/170 

1/161 

0/146 

0/147 

Trichoepithelioma  (B) 

0/170 

1/161 

0/146 

0/147 

Hemangioma  (B) 

0/170 

0/161 

1/146 

0/147 

Fibroma  (B) 

0/170 

0/161 

0/146 

1/147 

Pituitary 

Adenoma  (B) 

0/163 

1/133 

0/129 

1/138 

t  -  Metastatic  tumors  in  various  organs  were  not  counted. 

(P)  -  Primary  malignant  tumors. 

(B)  -  Benign  tumors. 

*  -  Significant  at  the  0,05  level  as  determined  using  the  Fisher  Exact  Test. 

**  -  Significant  at  the  0.01  level  as  determined  using  the  Fisher  Exact  Test. 

The  nonneoplastic  histopathology  finding  for  exposed  hamsters  included  descriptions 
and  discussion  of  many  lesions  which  occasionally  occurred  more  frequently  than  in 
control  animals.  These  probably  reflected  the  aging  process  or  the  existence  of  chronic 
disease  states  to  which  hamsters  are  susceptible.  Analysis  of  the  incidence  of  such 
lesions  would  not  elucidate  the  effect  of  hydrazine  exposure  on  target  organs.  There¬ 
fore,  the  data  were  examined  to  select  specific  organ  lesions  which  might  have  been 
related  to  exposure.  This  examination  revealed  that  lesions  in  the  nares,  trachea,  and 
bronchi  (considered  as  one  organ  in  the  accounting),  lung,  liver,  spleen,  lymph  nodes, 
kidney,  thyroid,  adrenal,  colon,  and  testes  occurred  more  frequently  in  exposed  animals 
and  could  be  possible  sites  of  toxic  action  by  hydrazine. 

Two  important  observations  emerged: 

1.  Degenerative  disease,  characterized  by  amyloidosis  in  the  livers,  spleens, 
kidneys,  thyroids,  adrenals;  and  liver  hemosiderosis,  kidney  mineralization,  general 
degeneration  of  the  adrenals;  and  senile  atrophy,  aspermatogenesis,  and  hypospermato - 
genesis,  is  a  common  finding  in  all  groups  of  hamsters. 

2.  The  important  fact  is  that  these  lesions  occur  with  statistically  signifi¬ 
cantly  highe-  frequency  in  the  exposed  group;  and  in  most  cases,  a  dose-response  relation¬ 
ship  can  be  seen.  The  implication  is  that  the  stress  of  12  months  of  hydrazine  exposure 
at  the  various  dose  levels  tended  to  increase  the  degenerative  process  in  a  dose-dependent 
manner. 

Nasal  epithelial  tumors  were  observed  only  in  hydraz ine -exposed  rats.  The  majority 
of  t he  ep i thel ia 1  neoplasms  were  benign  and  were  mainly  classified  as  adenomatous  nasal 
polyps.  Small  numbers  of  villous  nasal  polyps,  muco-epidermoid  papillomas,  and  squamous 
cell  papillomas  were  also  noted.  The  incidence  of  these  benign  and  several  malignant 
epithelial  tumors  ^shown  in  Tables  3  and  4)  was  elevated  significantly  in  the  5  ppm 
hydra z ine-exposed  rats  of  both  sexes.  An  apparent  dose-response  was  noted  in  that  the 
incidence  and  degree  of  significance  of  the  benign  tumors  were  less  in  the  1  ppm 
hydrazine  exposure  groups  (only  one  malignancy  was  found  in  both  sexes).  No  tumors  of 
this  type  were  seen  in  either  control  group  of  rats,  and  only  one  malignancy  of  the  six 
tumors  was  seen  in  about  400  rats  exposed  to  0.05  and  0.25  ppm.  Most  of  these  tumors 
were  seen  after  two  years  with  the  earliest  occurring  in  a  male  rat  at  88  weeks  (36 
weeks  post^xposure)  and  in  a  female  rat  at  98  weeks. 

Varying  degrees  of  acute  inflammation  were  observed  in  the  nasal  cavity,  larynx 
and/or  trachea  in  some  rats  from  the  control  and  all  treated  groups.  The  incidence  and 
severity  of  the  inflammatory  changes  were  greatest  in  male  and  female  rats  from  the 
group  receiving  5.0  ppm,  and  in  some  of  these  affected  animals,  they  were  associated 
with  focal  hyperplasia  and/or  squamous  metaplasia  of  the  epithelium  of  the  nasal  cavity, 
larynx,  and  trachea.  These  histopathologic  changes  were  observed  in  rats  dying  during 
the  study  as  well  as  in  the  animals  killed  at  the  2-year  interim  sacrifice  and  at  the 
1-1/2-year  terminal  sacrifice. 
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TABLE  3.  SELECTED  TUMORS  FOUND  IN  FEMALE  FISCHER  344 
RATS  AFTER  INHALATION  EXPOSURE  TO  HYDRAZINE 


TUMOR 

TYPE 


Nasal  cavity: 


Epithelial  (Benign) 

0 

(0) 

1 

(1) 

0 

(0) 

4 

(4)  * 

31 

(32)** 

Epithelial  (Malignant) 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

5 

(5)** 

Pituitary : 

Adenoma 

59 

(40) 

28 

(28) 

35 

(35) 

33 

(34) 

40 

(41) 

Adenocarcinoma 

9 

(6) 

6 

(6) 

2 

(2) 

6 

(6) 

6 

(6) 

Thyroid : 

Adenoma 

9 

(6) 

2 

(2) 

4 

(4) 

7 

(7) 

7 

(7) 

Carcinoma 

17 

(12) 

1 

(1) 

8 

(8) 

15 

(15) 

5 

(5) 

Adrenals : 

Pheochromocy toma 

10 

(7) 

3 

(3) 

6 

(6) 

9 

(9) 

12 

(12) 

Uterus : 

Adenoma 

Adenocarcinoma 
Endometrial  stromal 
sarcoma 


Lymphoreticular 
Tissue : 


Leukemias 

41 

(28)** 

18 

(18) 

21 

(21) 

13 

(13) 

13 

(13) 

Sarcomas 

4 

(3) 

4 

(4) 

4 

(4) 

2 

(2) 

6 

(6) 

Mammary  gland: 

Adenoma 

4 

(3) 

4 

(4) 

6 

(6) 

8 

(8) 

8 

(8) 

Fibroadenoma 

28 

(19) 

20 

(20) 

11 

(11) 

18 

(19) 

19 

(19) 

Adenocarcinoma 

2 

(1) 

1 

(1) 

2 

(2) 

2 

(2) 

3 

(3) 

Liver: 

Liver  cell  tumor 

3 

(2) 

0 

(0) 

0 

(0) 

6 

(6) 

3 

(3) 

Lung: 

Bronchial  adenoma 

0 

(0) 

0 

(0) 

0 

(0) 

0 

(0) 

1 

(1) 

•Significant  at  the 

0.05 

level 

,  control 

vs . 

test . 

**Signi f icant  at  the 
()  =  %  incidence. 

0.01 

level 

,  control 

vs . 

test . 

The  more  severe  grades  of  chronic  respiratory  disease  were  observed  in  lungs  of  some 
rats  exposed  to  5.0  ppm  hydrazine  and  to  a  lesser  degree  in  males  exposed  at  0.05  ppm. 
None  of  the  males  or  the  females  exposed  to  0.25  and  1.0  ppm  showed  epithelial  hyper- 
pljsia.  The  morphological  changes  included  per i bronchia  1 /per i bronchiol ar  lymphoid 
hyperplasia,  pneumonia,  bronchopneumonia,  and  bronchiectat ic  abscesses.  The  affected 
animals  usually  showed  the  more  severe  grades  of  acute  inflammation  in  the  nasal  cavity, 
larynx  and/or  trachea  but  with  a  higher  prevalence. 

The  incidence  of  focal  liver  cell  hyperplasia  tended  to  be  greater  in  treated  as 
compared  to  control  female  rats  only  at  the  exposure  levels  of  1.0  ppm  and  5.0  ppm.  This 
effect  was  seen  in  female  rats  dying  during  the  study  and  in  those  killed  at  the  2-year 
interim  sacrifice,  but  it  was  not  noted  in  female  rats  killed  at  the  2-1/2-year  terminal 
sacrifice.  There  was  no  difference  in  the  incidence  of  liver  cell  hyperplasia  in  treated 
as  compared  to  control  male  rats.  There  was  no  evidence  that  treatment  with  hydrazine 
increased  the  incidence  of  hepatic  neoplasia.  It  was  considered,  therefore,  that  the 
slightly  greater  incidence  of  liver  cell  hyperplasia  in  treated  as  compared  to  control 
female  rats  arose  fortuitously  and  that  it  was  not  related  to  treatment.  Acute  endome¬ 
tritis  was  noted  more  frequently  in  female  rats  from  the  group  receiving  5.0  ppm  than  in 
the  controls  or  in  rats  from  the  groups  receiving  0.05  ppm,  0,25  ppm,  or  1.0  ppm.  Acute 
salpingitis  was  present  only  in  rats  from  the  highest  dosage  group  with  the  exception  of 
one  female  from  the  1.0  ppm  dosage  level  and  killed  at  termination. 


1  (0) 

0  (0) 

0  (0) 

2  (2) 

3  (3) 

10  (7) 

4  (4) 

5  (5) 

7  (7) 

6  (6) 

0  (0) 

2  (2) 

1  (1) 

1  (1) 

3  (3) 

Unexposed 
Controls 
(N  *  14  7J 


Exposed 
0.05  ppm 
(N  -  99) 


Exposed 
0.25  ppm 
IN  -  100) 


Exposed 
1 . 0  ppm 
(N  -  97) 


Exposed 
5.0  ppm 
(N  -  98) 
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TABLE  4.  SELECTED  TUMORS  FOUND  IN  MAl.f:  FISCHER  34  4 
RATS  AFTER  INHALATION  EXPOSURE  TO  HYDRAZINE 


Unexposed 

Exposed 

Exposed 

Exposed 

Exposed 

TUMOR 

Cont  ro 1 s 

0.05  ppm 

0.25 

ppm 

1 

.  0  ppm 

5. 

0  ppm 

TYPE 

(N  • 

149) 

INJ 

•  99) 

(N  * 

99) 

izi 

UL 

*  99) 

Nasal  Cavity  : 

Epithelial  ( Ben l gn ) 

(1 

(0) 

J 

(2) 

2 

(2) 

10 

(10)** 

bb 

(<>?)*• 

Epithelial  (Malignant) 

0 

(0) 

1 

1  1  ) 

0 

(0) 

1 

(1) 

(> 

(  b  1  *  * 

Pituitary: 

Adenoma 

b2 

(42) 

31 

(31  ) 

29 

(29) 

1  *7 

i. 

(28  1 

2  b 

(2b) 

Adenocarc inoma 

4 

(31 

0 

(0) 

5 

(S) 

4 

(4  1 

S 

(5) 

Thyroid : 

Adenoma 

IS 

(10) 

5 

(5) 

7 

(7) 

9 

(9) 

Y 

(2) 

Adenocarc i noma 

7 

(5) 

b 

(<>) 

5 

(5) 

9 

10) 

1  3 

(13)* 

Adrenals : 

Pheochromocy toma 

lb 

(in 

14 

(14) 

1  3 

(  >3| 

1  8 

(18  1 

1  1 

(  11  ) 

Testes : 

Interstitial  cell  tumor 

1  04 

I’m 

80 

181  ) 

7  3 

(  ’4  } 

H  1 

(  85  1 

’4 

(  75) 

Prostate : 

Squamous  carcinoma 

1 

(0) 

0 

(0) 

0 

10) 

0 

1  0) 

0 

H>) 

Liver : 

Liver  cell  tumors 

9 

(b  1 

1  1 

(11) 

8 

18) 

(i 

lb) 

4 

(4) 

Lung : 

Bronchial  adenoma 

0 

(0) 

(1 

(0  1 

0 

(0) 

(> 

l  >'  1 

3 

(  3) 

Lymphoret icular 

T i s  sue : 

Leukem ias 

5  b 

i-m 

Z0 

(20) 

28 

(28) 

2  2 

i  j  :  > 

10 

(10)* 

Sa  r comas 

8 

(5) 

9 

(9) 

3 

1  3) 

t 

(  b  ) 

3 

(  3) 

•Significant  at  the  0.05 

level . 

cont  rol 

v  s  . 

test  . 

••Significant  at  the  (>.01 

level  ,  - 

cont rol 

vs . 

test. 

()  *  %  incidence. 

Many  microscopic  variations 

from  normal 

were 

seen  in 

t  he 

a>iing  t 

nice,  both 

control 

and  hydrazine-exposed  groups.  The  only  lesion  of  significance,  an  increased  incidence 
of  pulmonary  adenomas  in  the  1.0  ppm  hydra; ine -exposed  mice,  is  shown  in  Table  5 .  This 
small  increase  in  tumor  incidence  over  unexposed  control  mice  is  similar  to  that  previ 
ously  reported  in  Swiss  mice  (MacEwen  et  al.fl).  An  increased  incidence  of  ovarian 
tubular  adenomas  was  also  noted  in  the  group  of  mice  exposed  to  1  .  (I  ppm  hvdra.'ine. 

This  increase  was  not  significant  at  the  0.  >15  confidence  level,  and  its  biological 
significance  is  uncertain  since  there  was  no  suggestion  of  malignancy  in  this  tvpe  of 
tumor  in  any  of  the  exposed  or  control  mice.  The  occurrence  of  nonneop 1  as t i >  lesions 

in  the  C57B1  'b  mice  used  in  this  studv  was  similar  in  all  groups  with  nr  apparent 

treatment  effects. 

Three  rodent  species  that  inhaled  hydrazine  concentrations  of  l . c  ppm  or  greater 
for  a  year  developed  oncogenic  changes  hi  the  respiratory  system.  These  changes 
appeared  to  be  dose  related  in  the  rat  in  which  the  significant  effects  were  epithelial 

tumors  of  the  nasal  turbinate.  In  the  female  rat,  the  tumor  incidence  was  .15  and  VI, 

respectively,  in  animals  exposed  to  1 .  i>  and  5. 0  ppm  hydrazine.  In  the  male  rats,  the 
incidence  was  111  at  1.0  ppm  and  ’’V  at  5.0  ppm.  Nasal  polyps  were  significant  onlv 
in  the  5.0  ppm  hydra; i ne - exposed  hamsters.  These  tumors  were  not  seen  in  am  unexposed 
control  rats  and  in  onlv  1  of  181  unexposed  control  hamsters. 

A  previous  report  of  hydrazine  exposures  (MacEwen  et  a  I  .  8  1  indicated  a  dose  related 
increase  in  a  1 veolargen i c  carcinomas  in  female  ICR  mice  (a  strain  that  normally  has  a 
high  incidence)  exposed  to  1.0  and  5.0  ppm  hydrazine.  CS’Bl/b  mice  used  in  this  study 
and  exposed  to  1.0  ppm  hydrazine  exhibited  a  significant  increase  in  pulmonary  adenomas. 
This  concentration  was  the  highest  level  tested  m  mice  during  the  present  studv  since 
the  prior  study  had  shown  5.0  ppm  killed  half  of  the  mice  during  exposure. 

A  number  ol  chronic  nontumorous  pathologic  changes  were  seen  m  rats  and  hamsters 
exposed  to  hydrazine  concentrations  of  1 . d  or  S.u  ppm.  Significant  differences  between 
unexposed  control  male  rats  and  the  high  level  exposure  groups  occurred  after  one  month 
of  exposure  and  continued  even  after  cessation  of  hydrazine  treatment.  Both  male  and 
female  rats  in  the  5  ppm  exposure  group  had  a  much  higher  incidence  of  upper  respiratory 
inflammation  and  squamous  metaplasia.  Male  hamsters  exposed  to  5  ppm  hvdrarme  had 
significantly  lower  body  weights  than  control  animals  during  their  exposure  and  the 
12 -month  post  exposure  holding  period.  Amyloidosis,  a  disease  frequently  seen  in  aged 
hamsters,  was  much  more  prevalent  in  the  exposed  groups,  and  the  incidence  appeared  t  o 
he  dose  related.  Although  the  mortality  rates  were  comparable  between  the  test  and 


p  ■  ~~ — 1 


B5-8 


exposure  groups  of  hamsters  throughout  the  study  period,  there  were  greater  numbers  of 
changes  in  the  hydraz ine - exposed  animals  than  their  unexposed  controls  that  are  usually 
associated  with  aging  such  as  amyloidosis  and  senile  atrophy  of  the  testes.  Analysis 
of  the  oncogenic  changes  and  other  toxic  effects  of  exposure  to  hydrazine  indicates  that 
the  nononcogenic  sequelae  were  more  severe  in  producing  debilitation  and  lethal  effects. 
The  oncogenic  changes  were  mostly  benign  and  observable  only  at  the  microscopic  level 
producing  little  or  no  impairment  of  respiratory  function  and  had  no  effect  on  life 
expectancy . 

TABLE  5.  NEOPLASTIC  PATHOLOGY  IN  CONTROL  AND 
HYDRAZINE- EXPOSED  FEMALE  CS7B1/6  MICE 


Set  No.  1 

Set 

No.  2 

TUMOR  TYPE 

Unexposed 
Controls 
(N  »  385) 

Exposed 

0.05  ppm 
(N  =  364) 

Exposed 
0.25  ppm 
(N  =  382) 

Unexposed 
Controls 
(N  =■  378) 

Exposed 

1 . 0  ppm 
(N  -  379) 

Pituitary: 

Adenoma 

Carcinoma 

1S2  (39) 

7  (2) 

94  (26) 

10  (3) 

101  (26) 

3  (1) 

109  (29) 

8  (2) 

64  (17) 
2  (1) 

Thyroid : 

Adenoma 

Care inoma 

17  (4) 

2  (1) 

25  (7) 

1  (0) 

19  (5) 

1  (0) 

34  (9) 

2  (1) 

22  (6) 

1  (0) 

Uterus : 

Adenocarcinoma 

0  (0) 

1  (0) 

0  (0) 

0  (0) 

0  (0) 

Lymphoret icular  Tissue: 
Leukemias 

Sarcomas 

4  (1) 

145  (38) 

5  (2) 

154  (42) 

11  (3) 

150  (39) 

5  (1) 

154  (41) 

0  (0) 
139  (37) 

Mammary  Gland: 

All  tumors 

1  (0) 

1  (0) 

0  (0) 

1  (0) 

0  (0) 

Liver : 

Liver  cell  tumor 

4  (1) 

9  (2) 

6  (2) 

6  (2) 

11  (3) 

Lung  : 

Adenoma 

Adenoc  ar c inoma 

8  (2) 

2  (1) 

3  (1) 

1  (0) 

5  (1) 

2  (1) 

4  (1) 

3  (1) 

12  (3)* 
3  (1) 

Ovary : 

Tubular  adenoma 

12/369  (3) 

10/340  (3) 

11/365  (3) 

13/365  (4) 

23/361  (6) 

h 

I 

.  4 

I 

> 

$ 


•Significant  at  0.05 
(  )  *  %  i  nc  idence 


level,  control  vs.  test, 


Ihe  respiratory  system  appears  to  be  the  primary  site  of  hydrazine  induced  oncogenic 
changes  regardless  of  route  of  administration.  In  studies  conducted  by  Roe  et  al.10  and 
others,  lung  tumors  were  induced  in  Swiss  mice  after  oral  administration  of  hydrazine  in 
v<nter.  Lung  tumors  were  induced  in  C57B1/6  mice  by  Mirvish  et  al.11  after  int  raper  i  tonea  1 
injection.  Rats  given  hydrazine  sulfate  by  stomach  tube  by  Severi  and  Bi anc i f ior i 1 2 
exhibited  some  lung  tumors.  No  statistically  significant  tumor  induction  was  seen  in 
rodents  exposed  to  hydrazine  concentrations  of  0.25  or  0.05  ppm. 


CONCLUSIONS 


We  conclude  from  these  studies  that  hydrazine  is  a  relatively  weak  tumorigen  which 
exhibits  a  Jose  response  related  tumor  induction  at  inhaled  concrn t ra t i ons  of  1.0  ppm 
and  5.n  ppm.  Repeated  exposures  to  hydrazine  concentrations  above  5.0  ppm  result  in 
earlv  death  of  rodents  and  dogs  usually  associated  with  malnutrition  after  chronic 
exposure. 


Ihe  incidence  of  benign  and  malignant  tumors  was  highest  in  nasal  turbinates  of 
rats.  Ibis  rat  tissue  has  demonstrated  extreme  sensitivity  to  the  action  of  respiratory 
an  mogens  (IIMI’A  and  formaldehyde)  and  may  not  he  directly  ex  t  rapo  1  a  t  abl  c  to  exposure 
"I  humans  who  are  not  obligate  nosp  hrea t her s .  Nevertheless,  the  toxic  and  oncogenic 
'•tfects  seen  in  this  study  indicate  that  the  current  OSIIA  Threshold  Limit  Value  of 
I.  '  ppm  for  hvdrazine  is  unsatisfactory  and  is  too  near  concentrations  which  cause 
death  in  .  hron  u  a  11 v  exposed  animals.  More  realistically,  the  ACGII1  recommended  TLV 
t  ".1  ppm  would  )>e  expected  to  provide  adequate  protection. 
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Summary 

Hydrazine  and  naphthylamines  and  their  derivatives  were  assayed  for  co-carcinogenic  effects  on  ST  FeSV-directed 
transformation  of  human  cells.  All  chemicals  tested  at  non-toxic  concentrations  showed  anti-carcinogenic  activity. 
The  temporal  relationship  of  chemical  treatment  to  virus  infection  was  more  critical  with  the  hydrazines  than  with  the 
naphthylamines  in  that  maximum  anti-carcinogenic  effect  occurred  when  virus-infected  cells  were  exposed  to  the 
hydrazines  2  hrs.  post-infection,  whereas  the  naphthylamines  anti-carcinogenic  effect  was  observed  if  cells  were 
exposed  either  pre-  or  post-infection.  The  anti-carcinogenic  effect,  when  compared  with  in  vitro  chemical 
transformation  and  neoplastic  transformation,  show  a  high  degree  of  correlation.  These  data  suggest  this  assay  system 
may  lend  itself  to  a  rapid  screen  (9-13  days)  of  chemicals  for  carcinogenic  potential.  Cytotoxic  results  showed  no 
significant  difference  in  shale  oil  or  petroleum  derived  JP5  or  DFM.  Co-carcinogenic  potential  of  JP5,  JP10,  RJ5,  and 
DFM  are  being  evaluated. 


Introduction 

Previous  studies  from  this  laboratory  showed  chemical  carcinogens  inhibited  virus-directed  feline  sarcoma  virus 
transformation  of  human  skin  fibroblast  (HSF)  cells  at  non- toxic  concentrations  (1).  The  carcinogen  treatment  inhibited 
a  specific  virus  gene  function,  i.e.,  transformation,  but  not  virus  synthesis.  Other  viral  gene  products,  RNA-dependent 
DNA  polymerase  (RDDP),  Group-Specific  Antigens  (GSA)  and  Feline  Oncornavirus  Associated  Cell  Membrane  Antigen 
(FOCMA),  were  detected  in  both  carcinogen-treated  or  non-treated  virus  infected  cells  (2).  These  studies  suggested  the 
inhibitory  effect  on  virus -directed  transformation  was  mediated  by  the  carcinogens,  while  the  inhibitory  effect  on 
complete  virus  synthesis  was  cell  mediated.  Further,  the  inhibitory  effect  of  the  carcinogens  was  abrogated  when 
chemicals  were  added  to  virus-infected  cells  48  hrs.  post-infection. 

Hydrazine  and  its  derivatives  have  widespread  use  in  medicine,  agriculture,  and  aerospace  research  (3).  While 
many  biologic  effects  of  hydrazine  (H2)  and  its  derivatives,  monomethyl  hydrazine  (MMH),  1,1  dimethylhydrazine 
(UDMH),  and  1,2  dimethylhydrazine  (SOMH)  have  been  studied  in  animals,  extrapolation  of  these  biologic  effects  to  man 
has  been  difficult  because  of  differential  responses  manifested  in  diverse  species  of  test  animals.  Additionally,  the 
different  chemical  properties  of  each  of  these  chemicals  has  led  to  differential  physiological  responses  within  the  same 
species.  For  example,  Dtwan  et  al.  (4)  concluded  that  genetic  differences  with  inbred  strains  of  mice  affected  the 
response  of  DMH  carcinogenesis.  Thus,  carcinogenesis  assays  in  rodents  may  lead  to  false  negative  results  based  on  that 
genetic  strain  used  in  the  assay.  Ideally,  economic,  short-term,  reliable  in  vitro  assays  would  be  invaluable  in 
determining  carcinogenic  potential  of  chemicals. 

In  this  study,  we  examined  the  co-carcinogenic  effect  of  alpha-naphthylamine  (ANA),  phenyl-alpha  naphthylamine 
(PANA),  phenyl-beta  naphthylamine  (PBNA),  HZ,  MMH,  UDMH,  and  SDMH  on  Snyder- Theilen  feline  sarcoma  virus  (ST- 
FeSV)  transformation  of  HSF.  The  effects  were  further  correlated  with  in  vitro  chemical  transformation  of  HSF 
described  by  Milo  and  Blakeslee  (3).  Cytotoxic  analyses  of  petroleum  and  shale  oil  derived  jet  fuels  are  also  presented. 

Materials  and  Methods 


Cells 


Human  foreskin  fibroblast  cells  (Detroit  550-CCLI09,  American  Type  Culture  Collection,  Rockville,  MD)  were 
grown  in  Minimal  Essential  Medium  with  Earles  salts  supplemented  with  1.0  mM  sodium  pyruvate,  2  mM  glutamine,  1% 
non-essential  amino  acids,  50(ig/ml  gentamycin  (Schering  Diagnostics,  Port  Reading,  NJ)  and  10%  fetal  bovine  serum 
(Sterile  Systems,  Logan,  UT),  thereafter  designated  Complete  Medium  (CM).  Cells  were  serially  passaged  every  3-4 
days  at  1:2  split  ratios  and  incubated  at  37  C  in  5%  CO^. 

Virus 


The  preparation  of  stock  ST-FeSV  was  described  previously  (6).  Briefy,  10%  cell-free  homogenates  were  prepared 
and  frozen  at  -85C  in  L  I  5  medium  and  5%  FBS. 

Co-Chemical  Virus  Assays 

4 

Preconfluent  log  phase  growth  HSF  cells  were  trypsinized  and  4  X  10  cells  seeded  onto  16  mm  wells  (Costar, 
Cambridge,  MA)  in  1.0  ml  CM  and  incubated  18  hrs.  prior  to  treatment.  Cells  pre-treated  with  chemicals  prior  to  virus 
infec  tion  were  incubated  ‘'0  min.  with  appropriate  chemical  concentration  at  2,  6,  or  24  hr.  pre-infection.  Cells  were 
washed  2X  in  CM,  refed  and  incubated  at  37C  until  virus  infection.  Cells  to  be  infected  were  washed  with  serum-free 
CM  and  treated  with  0.2  ml  ofDEAE-Dextran  ^fyighil  (Sigma,  St.  Louis,  MO)  in  serum-free  CM.  After  20  mm.,  the  cells 
were  washed  with  CM  ♦  5%  FBS,  infected  with  0.05  ml  ST-FeSV,  diluted  to  1,000  focus  forming  units  (FFU)  per  ml. 
Twelve  wells  were  used  for  each  time  period.  Plates  were  rocked  at  10-15  min.  intervals  and  virus  adsorbed  2  hr.  at 
37C.  After  adsorption,  the  inocula  were  aspirated  and  cells  refed  with  2.0  ml  CM.  Virus  infected  cells  were  treated  at 
2,  6,  or  24  hr.  following  virus  adsorption  by  incubating  infected  cells  with  designated  concentration  of  chemical  for  90 
rmn.  followed  by  washing  and  refeeding  cells  with  2.0  ml  CM.  The  cells  were  refed  with  CM  on  the  6th  day  post- 
infe<  tion  (PI),  and  subsequently  fixed  with  10%  phosphate  buffered  formalin  and  stained  with  Giemsa  3-4  days  later. 
Tex  i  were  counted  at  25-40X  with  a  dissecting  microscope  in  non-treated  (control)  and  chemically  treated  wells.  FFU  * 
S.D.  were  determined  for  each  treatment  time  and  significance  determined  by  Student's  "t"  test. 
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Chemicals 

ANA,  PANA,  and  PBNA  were  dissolved  in  spectral  grade  acetone  at  1.0  ing/ml.  Prior  to  i^se,  dilutions  were  made 
in  CM  to  experimental  concentrations.  HZ,  MMH,  and  UDMH  were  pipetted  into  CM  at  1  X  10°  ppm  and  diluted  in  CM 
to  experimental  concentrations.  SDMH  was  dissolved  in  O.i-N  HCI  at  a  concentration  of  10  mg/ml  and  diluted  in  CM  to 
exoerimental  concentrations. 

Both  petroleum  or  shale  oil  derived  fuels  were  dispersed  in  equal  volumes  of  20%  Triton-X  (Sigma,  St.  Louis,  MO) 
serum-free  CM  with  shaking.  Dilutions  tested  were  from  5000  to  0.5  ppm.  Eight  wells,  seeded  with  500  cells/well,  were 
treated  for  90  min.,  washed  and  refed  with  CM  supplemented  with  20%  FBS.  Cultures  were  incubated  9-10  days,  fixed 
in  10%  buffered  formalin,  stained  with  Giemsa,  and  clones  containing  at  least  50  cells  were  counted.  Toxicity  was 
determined  by  dividing  the  average  number  of  clones  in  treated  wells  by  the  average  number  of  clones  in  control  wells. 
LD-„  values  were  determined  by  plotting  percent  survival  (ordinate)  against  concentration  (Abcissa,  log  scale)  on 
cycle  semi-logarithmic  graph  paper.  LD^q's  were  then  determined  by  inspection. 

Results 

Naphthylamines 

PANA  treatment  resulted  in  a  dose-related  suppression  of  transformation  (Fig.  1A).  Cells  treated  with  10  pg/ml 
resulted  in  significant  inhibition  of  transformation  at  all  time  periods  tested.  Results  with  20  pg/rn)  were  similar, 
although  treatment  at  6  hrs.  post-infection  approached  control  values.  Cells  treated  with  0.1  pg/ml  showed  no 
difference  in  transformation  frequencies  from  untreated  controls. 

Treatment  with  10  pg/rnl  PBNA  resulted  in  suppression  at  all  time  periods  tested  (Fig.  IB).  Inhibition  of 
transformation  ranged  from  values  of  40%  to  65%  inhibition.  However,  cells  exposed  to  0.01  pg/tnl  before  ST-FeSV 
infection  resulted  in  enhanced  focus  formation  at  -2  hrs.  whereas  significant  inhibition  was  observed  when  virus  infected 
cells  were  treated  6  hrs.  post-infection. 

Figure  1C  shows  the  effect  of  10  ng  and  0.01  pg/ml  ANA.  Both  concentrations  used  inhibited  ST-FeSV 
transformation,  with  the  most  significant  inhibition  observed  when  cells  were  treated  from  2-6  hrs.  pre-infection.  Cells 
treated  6  hrs.  or  24  hrs.  post-virus  infection  had  no  effect  on  virus  transformation. 

Hydrazines 

MMH  (100  ppm  and  10  ppm)  significantly  enhanced  virus  transformation  in  a  dose-dependent  manner  when  cells 
were  exposed  2  hrs.  pre-infection  (Fig.  2A).  Conversely,  treatment  of  virus-infected  cells  resulted  in  significant 
inhibition  of  transformation  when  cells  were  treated  2  hrs.  or  6  hrs.  post  infection.  No  effect  was  noted  at  24  hrs.  post¬ 
infection. 

SDMH  (100  pg/ml  and  10  Mg/ml)  likewise  enhanced  virus  transformation  when  cells  were  treated  2  hrs.  pre- 
mfection  (Fig.  2B).  In  virus  infected  cells,  SDMH  treatment  inhibited  transformation  by  values  ranging  from  20%  (10 
(ig/ml)  to  30%  (100  pg/ml).  The  inhibitory  effect  was  observed  at  2  hrs.  post-infection,  but  not  at  6  or  24  hrs.  post¬ 
infection. 

The  effects  of  UDMH  on  virus  transformation  are  shown  in  Fig.  2C.  One  hundred  or  10  ppm  exposure  to  UDMH 
inhibited  transformation  at  3  different  time  periods  in  relation  to  virus  infection.  UDMH  inhibited  transformation  by 
values  ranging  from  25%  to  50%  when  cells  were  exposed  6  hrs.  before  or  2  hrs.  and  24  hrs.  post-infection. 

The  results  of  HZ  (60  ppm  and  6  ppm)  exposure  are  shown  in  Fig.  2D.  Fig.  2D  is  a  composite  figure  of  3  separate 
experiments  showing  HZ  effects  on  virus  transformation.  Like  SDMH  and  MMH,  cells  exposed  to  HZ  2  hrs.  pre¬ 
infection,  significantly  enhanced  virus  transformation  whereas  exposure  2  hrs.  post-virus  infection  significantly 
inhibited  virus  transformation  as  did  MMH,  SDMH,  and  UDMH. 

Cytotoxicity  of  Fuels 

Petroleum  derived  (PD)  or  shale  oil  derived  (SOD)  JP5  or  diesel  fuel,  marine  (DFM)  cytotoxic  analyses  are  shown 
in  Table  1.  The  results  show  no  significant  difference  in  toxicity  values  between  SOD  or  PD  fuels.  LD.-'s  for  SOD,  JP5 
and  PD-JP5  were  102  ppm  and  100  ppm,  respectively,  SOD-DFM  and  PD-DFM  were  85  ppm  and  87  ppm.  LD^q's  for 
JP10  and  RJ5  were  91  ppm  and  19  ppm,  respectively. 


Table  I.  LD^„  cytotoxicity  of  shale  oil  and  petroleum  derived  fuels  in  HSF  cells. 
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HSF  cells  were  plated  in  16  mm  diameter  wells  with  2.0  ml  CM  and  incubated  overnight.  Cells  were  treated 
with  ANA  as  described  in  Materials  and  Methods.  (-)  indicates  cells  treated  before  virus  infection  (hrs).  (♦) 
indicates  cells  treated  after  virus  infection  (hrs).  *  -  significance  determined  by  Student  "t"  test.  A-MMH,  B- 
SDMH,  C-IJDMH  and  D-HZ.  D  is  a  composite  of  3  separate  tests.  Each  point  -  n  =  48  ♦  5.D. 
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Discussion 

The  co-carcinogemc  effects  of  hydrazine  and  its  derivatives  ana  naphthylanunes  described  in  this  report,  when 
correlated  with  in  vitro  chemical  transformation  and  neoplastic  transformation,  show  a  high  degree  of  correlation 
(Table  2). 

ANA,  PANA,  and  P8NA  showed  100%  correlation  with  the  two  parameters,  whereas  MMH  and  SDMH  showed 
activity  in  the  i  o-carcinogenesis  assays,  but  not  in  the  carcinogenesis  assays.  HZ  and  UDMH,  like  tfie  naphthylanunes, 
showed  100%  correlation  with  in  vitro  chemical  transformation  and  neoplastic  transformation.  The  inhibition  of 
transformation  from  chemical  treatment  was  not  a  result  of  cell  killing  in  that  sub-toxic  concentrations  were  used. 


Table  2.  Correlation  between  inhibition  of  virus  transformation,  m  vitro  chemical  transformation  and 
neoplastic  transformation. 
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Enhanced  virus  transformation  by  HZ,  MMH,  and  SDMH  observed  when  cells  were  exposed  2  hrs.  pre-infection, 
may  be  related  to  cell  growth  stimulation  shown  by  these  chemicals  in  oosc  survival  studies  (data  not  shown).  Similar 
findings  of  cell  stimulation  have  been  observed  with  murine  and  feline  lymphocyte  cultures  (7).  The  maior  effect  on 
virus  transformation  (inhibition)  occurred  with  all  test  chemicals  when  virus  infected  cells  were  exposed  to  the 
appropriate  concentrations.  The  temporal  relationship  of  chemical  treatment  to  virus  infection  appears  more  critical 
with  the  hydrazines  than  with  the  naphthylanunes  in  that  maximum  inhibition  occurred  when  virus  infected  cells  were 
exposed  to  the  hydrazines  2  hrs.  post-infection,  wfiereas  this  inhibitory  effect  was  observed  at  all  6  time  periods  with 
PANA  and  PBNA  and  at  3  time  periods  with  ANA. 

Cytotoxicity  results  showed  no  significant  difference  in  shale  oil  or  petroleum  derived  fuels.  Co-carcinogenic 
effects  with  5T-FeSV  are  being  evaluated.  HZ,  MMH,  UD.MH,  SDMH,  and  PANA  have  shown  mutagenic,  teratogenic,  or 
carcinogenic  properties  depending  upon  the  assay  used  (7-11).  Thus,  these  chemicals  interact  with  host  cell 
transcription  or  translational  processes.  In  previous  studies,  we  concluded  the  inhibitory  (anti-carcinogenic)  effect  of 
benzo(a)pyrene,  aflatoxin  Blor  N-acetoxy-2  fluorenyl  acetamide  on  virus  transformation  was  not  due  to  decreased 
cellular  proliferation  or  virus  synthesis  (1,2).  Further,  the  anti-carcinogenic  effect  was  abrogated  when  cells  were 
exposed  ;>24  hrs.  post-infection.  The  temporal  relationship  between  infection  and  treatment  suggested  chemical 
interference  with  FeSV  proviral  synthesis  or  integration  into  host  cell  DNA. 

Contrasting  results  have  been  reported  on  the  interaction  of  chemical  carcinogens  and  oncogenic  RNA  viruses. 
For  example,  in  vivo  studies  showed  either  an  anti-carcinogenic  (12,13),  co-carcinogenic  (14,13)  or  no  effect  (16,17)  on 
transformation  depending  on  the  virus  or  chemical  used  in  the  experiments.  Whereas  in  vitro  studies  with  rat  or  mouse 
cells  showed  synergism  (18-20). 

We  previously  reported  anti-carcinogenic  activity  with  three  known  carcinogens  on  FeSV  transformation  of  human 
i  ells  in  vito.  A  recent  report  by  Rhim  and  Arnstein  (21)  described  anti-carcinogenic  activity  of  an  oncogenic  murine 
virus  on  chemical-induced  transformation  of  canine  cells. 

Thus,  the  merhanism(s)  of  chemical,  virus,  or  co-chemical-virus  transformation  remain  unknown  and  further 
studies  are  warranted  to  evaluate  these  interactions. 
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SUMMARY 

Benzo(a)pyrene  [B(a)P],  an  environmental  carcinogen,  has  been  shown  to  transform  human  skin 
fibroblasts  in  vitro.  This  fossil  fuel  combustion  product  and  other  polynuclear  hydrocarbons  have 
exhibited  a  requirement  to  be  biotransformed  to  their  ultimate  carcinogenic  forms  to  induce 
transformation.  B(a)P  diol-epoxides  are  the  most  cited  candidates  as  ultimate  carcinogens. 

When  proliferating  skin  epithelial  cells  (Phase  111  type  cells)  were  treated  with  3H-B(a)P,  83% 
was  extractable  into  the  organic  phase  as  B(a)P  while  in  the  non-proliferating  cells  61%  occured  as  e 
parent  B(a)P.  Human  Lung  epithelial  cells  and  liver  hepatocytes  were  also  treated  with  3H-B(a)P  and 
the  metabolites  analyzed  by  HPLC.  Patterns  of  metabolism  of  B(a)P  by  these  cell  populations  were 
dissimilar  to  those  for  skin  epithelial  cells.  In  lung  and  liver  only  9.2-21.1%  remained  as 
unmetabolized  B(a)P  in  the  non-proliferating  cells,  whereas  26.4%  remained  as  B(a)P  in  the 
proliferating  lung  cells. 

Proliferating  low  passage  human  skin  fibroblasts  were  treated  for  24  hours  with  3H-B(a)P  after 
which  the  metabolites  were  removed  from  the  growth  medium  with  ethyl  acetate.  Analysis  of  the  organic 
phase  by  HPLC  demonstrated  that  B(a)P-tetrols  (diol  epoxides),  B(a)P-diols  and  B(a)P-phenols 
represented  a  small  portion  (2%  ea.)  of  the  metabolites. 

Our  results  suggest  that  either  the  ultimate  form  of  the  carcinogen  is  different  for  fibroblasts 
and  epithelial  cells  or  the  quantitative  generation  of  hydroxylated  metabolites  is  not  required  for 
neoplastic  transformation  in  fibroblast  cells.  If  hydroxylation  is  required,  then  the  site  of 
hydroxylation  may  be  the  significant  factor.  Present  evidence  suggests  that  in  B(a)P  treated 
fibroblasts  the  activation  of  B(a)P  in  the  cell  takes  place  other  than  the  microsomal  P450  complex, 
presumably  in  the  nucleus.  In  epithelial  cells  from  primary  target  tissues,  the  microsomal  P450 
complex  may  play  a  more  predominant  role  in  the  carcinogenesis  process  compared  to  the  fibroblast 
microsomal  complex. 


ABBREVIATIONS 

B(a)P-Benzo(a)Pyrene;  MEM-minimum  essential  medium-Eagle;  FBS-fetal  bovine  serum; 
LG3H]-B(a)P-tritium-labeled  benzo(a)pyrene;  Ci-curie;  BHT-butylated  hydroxytoluene;  HPLC-high 
performance  liquid  chromatography ;PDL-population  doubling;  NFS-neonatal  foreskin;  HEL-human  embryonic 
lung 


INTRODUCTION 

The  metabolism  of  the  environmental  carcinogen  benzo(a)  pyrene  tB(a)P]  occurs  in  animal  tissues 
through  several  pathways  intended  for  detoxification,  i.e.  the  mixed  function  oxidases  or  by 
conjugation  with  polar  groups  either  sulfates,  glucuronic  acid  or  glutathione.  These  pathways  yield  a 
mixture  of  organic  and  water  soluble  metabolites,  many  of  which  have  been  implicated  as  ultimate 
carcinogenic  forms  of  B (a )P  (1-6). 

Among  the  primary  target  tissues  of  B(a)P-1nduced  carcinogenesis  are  the  skin,  lung  and  liver, 
either  due  to  direct  exposure  (skin,  lung)  or  due  to  an  ultimate  role  in  detoxification  (liver). 
Metabolite  profiles  of  B(a)P  produced  by  cells  in  culture  originating  from  any  of  these  organs  would  be 
very  informative.  Since  most  cancers  are  of  epithelial  origin  (carcinomas),  the  metabolism  of  B(a)P  by 
epithelial  cells  placed  in  culture  from  these  target  organs  would  be  of  particular  interest. 

B (a )P  metabolism  studies  are  available  for  several  rodent  species  (7-10).  Due  to  the  concern  over 
human  exposure,  however,  B(a)P  metabolite  profiles  from  human  cells  would  be  more  desirable 
(11,12,13,14).  In  this  report,  we  describe  the  in  vitro  biotransformation  of  B (a  )P  by  human  epidermis, 
peripheral  lung  epithelial  cells  and  liver  parencKymal  cells  i_n  vitro.  We  compared  also  the  8(a)P 
metabolite  profiles  of  human  epithelial  cells  with  human  fibroblasts. 
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MATERIALS  AND  METHODS 
MATERIALS 

[G-^H]  B (a )P  (19  Ci/mmole)  was  purchased  from  Amersham  Searle,  Arlington  Heights,  IL.  Synthetic 
B(a)P  metabolite  standards  were  received  through  the  Chemical  and  Physical  Carcinogenesis  Branch, 
National  Cancer  Institute,  Bethesda,  MD. 

Eagle's  Minimum  Essential  Medium  (MEM)  containing  25  nW  Hepes  buffer  was  purchased  from  Grand 
Island  Biological  Co.,  Grand  Island,  NY.  MEM-25  nti  Hepes  at  pH  7.2  was  supplemented  with  sodium 
pyruvate  (1.0  rrtM ) ,  glutamine  (2.0  nti),  nonessential  amino  acids  (IX)  and  vitamins  (IX)  (15).  All  of 
these  supplements  were  obtained  from  M. A.  Bioproducts,  Walkersville,  MD).  The  MEM  also  contained 
sodium  bicarbonate  (0.2%)  and  gentamycin  (5ug/ml). 

Fetal  bovine  serum  (FBS)  was  purchased  from  Keheis  Chemical  Co.,  Kankakee,  IL.  Collagenase  was 
obtained  from  Worthington  Biochemical  Corp.,  Vineland,  NJ,  Instagel  scintillation  cocktail  from  Packard 
Instrument  Co.,  Downers  Grove,  IL,  and  methanol  (MCB  OmniSolv)  for  HPLC  from  Curtin  Matheson 
Scientific,  Inc.,  Cleveland,  OH. 

METHODS 

Primary  Skin  Epithelial  Cell  Cultures 

Primary  cultures  of  human  neonatal  foreskin  epithelial  cells  were  established  as  described 
previously  (16-18).  This  method  involves  an  initial  digestion  of  the  tissue  with  collagenase  (16), 
followed  by  selective  detachment  of  fibroblasts  with  trypsin  after  the  primary  culture  was  established 
(17,18). 

Primary  Lung  Epithelial  Cell  Cultures 

Human  fetal  lung  tissue  obtained  f rom  Wi 1 1 iam  J .  Douglas  (Tufts  University)  was  enzymatically 
dispersed  for  4  hours  with  0.25%  collagenase  in  MEM  supplemented  with  20%  FB5.  The  digestions  were 
done  at  37  C  in  a  4%  COg  enriched  air  environment.  The  cells  were  centrifuged  at  650  x  g  for  10 
minutes,  washed  with  MEM,  and  resuspended  in  MEM  containing  20%  FBS .  The  cells  were  then  seeded  at  a 
concentration  of  20,000  cells/cm^.  After  2  hours,  the  residual  lung  cells  in  suspension  were 
removed,  and  the  cells  attached  to  the  substratum  were  fed  with  MEM  containing  40%  FBS. 

The  primary  lung  cell  cultures  contained  less  than  10%  fibroblasts  when  the  B ( a ) P  metabolism 
studies  were  undertaken.  They  were  composed  of  mixtures  of  epithelial  cell  types.  However,  the  major 
portion  of  the  population  contained  lamellar  structures,  tonofi laments,  and  desmosomes  as  determined  by 
electron  micrsocopy.  At  this  time,  we  have  designated  these  cultures  as  mixed  peripheral  lung 
epithelial  cell  populations. 

Primary  Liver  Parenchymal  Cell  Cultures 

Normal  adult  human  liver  was  obtained  from  the  Tumor  Procurement  and  Pathology  Laboratory, 
Comprehensive  Cancer  Center,  Ohio  State  University.  Liver  from  surgery  was  placed  immediately  into 

culture  by  a  modification  of  the  method  of  Schaeffer  and  Kessler  (19).  The  tissue  was  minced  into  1  to 

2  mm  pieces  and  incubated  at  37  C  for  6  hours  in  the  presence  of  0.25%  collagenase  in  MEM  containing 

20%  FBS.  Following  the  incubation,  FBS  was  added  to  a  final  concentration  of  50%  and  the  parenchymal 

cells  were  selectively  pelleted  by  centrifugation  at  650  x  g  for  3  minutes.  The  cells,  were 
resuspended  in  MEM  containing  20%  FBS  and  insulin  (0.5  U/ml),  and  were  seeded  into  25  cm2  tissue 
Culture  flasks  at  a  c  ncentration  of  15,000  cells/cm^.  Following  a  4  hour  attachment  period  at  37  C 
in  a  4%  CO^  enriched  air  environment,  the  cultures  were  washed  to  remove  debris.  The  cultures  were 
fed  with  MEM  containing  20%  FBS,  and  a  confluent  primary  culture  of  parenchymal  cells  was  obtained 
within  72  hours.  The  cultures  were  comprised  of  greater  than  95%  liver  parenchymal  cells. 

Primary  Skin  Fibroblast  Cell  Cultures 

Human  neonatal  foreskin  fibroblasts  were  grown,  serially  subpassaged  and  treated  with  B (a  )P  as 
described  previously  (2). 

[G-jH]  B(a)P  Treatment 

Treatment  of  cells  with  LG-^h]  B(a)P  (0.105yM  at  1  mCi/ml,  19  Ci/mmole)  was  accomplished  after 
dissolving  the  compound  in  spectral  grade  acetone.  The  final  solutions  were  added  to  MEM  containing 
10%  FBS  at  37°C.  The  [G-^HJ  B (a )P-contai ni ng  medium  (3.3  ml/25  cm’  flask)  was  used  to  feed  the 
cultures,  after  which  they  were  incubated  at  37°C  in  a  4%  CO2  enriched  air  environment  (20).  All 
procedures  with  [G-^HJ  B(a)P  were  carried  out  under  yellow  light. 

B (a )P  Metabolite  Extraction 

Twenty-four  hours  after  the  administration  of  radiolabeled  B (a )P ,  aliquots  of  the  growth  medium 
were  removed  and  partitioned  with  3  volumes  of  ethyl  acetate  containing  the  antioxidant  butylated 
hydroxy  toluene  (BHT,  0.8  mg/ml).  The  phases  were  separated,  and  the  organic  phase  was  passed  over 
anhydrous  sodium  sulfate,  filtered,  dried  under  argon,  and  stored  at  -20  C.  The  sample  was  dissolved 
in  200u 1  methanol,  and  centrifuged  at  12,000  x  g  for  2  minutes  to  remove  particulate  matter  prior  to 
analysis  by  HPLL. 

HPLC  Analysis 

The  solvent  delivery  system  consisted  of  a  Beckman  (Beckman  Instruments,  Inc.,  Irvine,  CA)  Model 
322  MP  programmable  HPLC  with  CHlA  integrating  printer  plotter.  The  system  was  equipped  with  a  Model 
153  fixed-wavelength  UV  (254  nm)  detector,  and  fractions  were  collected  directly  in  scintillation 
miniviais  with  an  LKB  Model  2112  traction  collector.  The  reversed  phase  column  utilized  was  a  Beckman 
Ultrasphere-005  (150  x  4.6  mm). 

The  column  was  equilibrated  with  85%  methanol  in  water,  and  the  flow  rate  was  1  ml/minute 
throughout  the  analysis.  A  20  gl  sample  was  injected,  and  elution  was  initiated  with  a  mobi 1  phase  of 
85%  methanol  in  water.  After  30  seconds,  the  methanol  concentration  was  increased  to  100%  over  a 
period  of  1.5  minutes.  Aliquots  of  0.2  ml  were  collected  in  each  minivial  and  2  ml  of  Instagel 
sc  1 nt 1 1 1  at  ion  cocktail  was  added.  Radioactivity  was  measured  with  a  Beckman  LS-9000  scintillation 
counter.  After  complete  elution  of  the  hydrocarbons,  the  column  was  re-equilibrated  with  85%  methanol 
for  8  to  10  minutes.  Authentic  B(a)P  metabolite  standards  were  detected  by  UV  absorbance  at  254  nm. 
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RE5ULTS 

Representative  cultures  of  human  peripheral  lung  epithelial  cells  (HEL ) .  skin  epithelial  cells, 
and  liver  parenchymal  cells  are  shown  in  Figure  1.  The  lung  (Figure  1A)  and  liver  (Figure  1C)  cells 
attach  to  the  substratum,  and  they  will  each  grow  to  a  confluent  monolayer.  The  skin  epithelial  cells 
(Figure  IB)  have  the  additional  capability  of  being  able  to  grow  in  a  vertically  stratified  layer.  For 
our  purposes,  proliferating  cell  cultures  are  those  that  have  significant  areas  of  the  substratum 
(usually  40-60%)  not  covered  with  cells,  while  non-proliferating  cultures  are  confluent.  The  skin 
epithelial  cells  exhibit  vertical  stratification  under  both  ci rcumstances.  The  proliferative  states  of 
duplicate  cultures  were  verified  by  ^H-thymi dine- labeling  and  autoradiography  (data  not  shown). 

The  conversion  of  [G-^h JB (a )P  to  water  soluble  metabolites  by  human  epithelial  cells  derived 
from  lung,  skin  and  liver  is  presented  in  Table  1.  The  cells  from  lung  and  liver  generated 
significantly  greater  amounts  of  the  water  soluble  metabolites  than  the  skin  epithelial  cells. 

The  ethyl  acetate-soluble  metabolites  of  B (a )P  generated  by  prol iferating  HEL  epithelial  cells  is 
depicted  in  Figure  2.  The  HPLC  data  indicates  that  less  than  3U%  of  the  organic-soluble  material  is 
accounted  for  by  the  parent  hydrocarbon  B (a ) P .  The  major  portion  of  the  radioactivity  (34.3%)  was 
localized  under  the  B(a)P-tetrol  peak.  The  relative  distribution  of  ethyl  acetate-soluble  metabolites 
is  summarized  on  line  one  of  Table  2. 

A  significant  difference  in  the  HPLC  metabolite  profile  of  non-prol iferating  HEL  epithelial  cells 
can  be  seen  in  Figure  3.  Although  there  is  little  cifference  in  the  amount  of  B (a )P-tetrol s  produced 
by  proliferating,  (Figure  2)  and  non-prol iferating  (Figure  3)  HEL  cells,  a  major  polar  derivative  peak 
is  predominant  in  the  latter.  In  addition,  a  B (a )P-di ol  peak  in  Figure  3  is  almost  non-existent.  The 
early  eluting  polar  component  produced  by  non-proliferating  HEL  cells  is  made  up  almost  totally  of 
B(a)P  sulfate  conjugates  because  this  peak  is  reduced  greater  than  80%  by  treatment  with  arylsulfatase 
(data  not  presented).  Again,  a  summary  of  relative  B (a )P-metabol i te  production  by  the 
non-proliferating  HEL  cells  is  presented  in  Table  2.  There  is  a  decrease  in  the  amounts  of  uoth  B(a)P 
diols  and  phenols  when  compared  to  proliferating  HEL  cells,  and  more  of  the  B(a)P  is  metabolized. 

Proliferating  NFS  epithelial  cells  metabolize  much  'ess  B  (a )  P  than  HEL  cells  (Table  2).  After  24 
hours,  83.9%  of  the  ethyl  acetate-extractable  hydrocarbon  is  the  parent  compound  8(a)P.  None  of  the 
8(a)P-metabolites  account  for  more  than  4.6%  of  the  radiolabeled  material 

Non-proliferating  NFS  epithelial  cells  metabolize  more  than  twice  as  much  B(a)P  than  proliferating 
NFS  cells  (Table  2).  As  with  HEL  cells,  the  major  increase  is  in  the  synthesis  of  polar  derivatives. 

The  confluent  NFS  culture  gives  rise  to  somewhat  more  B (a )P-tetrol ,  but  there  is  little  change  in  B(a)P 
diols  and  phenols. 

Profiles  of  intracellular  distribution  of  B(a)P-metabol ites  (foreskin  fibroblasts)  revealed  that  a 
major  portion  of  the  B(a)P  remains  in  its  parent  form,  (21).  Extracellular  oxygenated  metabolites 
account  for  less  than  10%  of  the  added  B (a )P  after  24  hour  treatment.  Figure  3.  B(a)P-tetrols,  diols 
and  phenols  accounted  for  less  than  1%  of  the  remaining  metabolites. 

Liver  parenchymal  cells  actively  metabolize  8{a)P  similar  to  HEL  epithelial  cells  (Table  2).  Only 
21.1%  of  the  organic  soluble  hydrocarbon  is  unmetabol ized  B(a)P  after  24  hours.  Polar  derivatives 
(26.3%)  and  B(a)P-tetrols  (25.2%)  are  found  in  significant  amounts  in  the  medium  of  the  confluent  liver 
cell  culture.  Both  levels  are  similar  to  those  in  the  confluent  HEL  epithelial  cell  culture  and  higher 
than  the  NFS  epithelial  cell  culture. 

01SCUSS10N 

Cell  proliferation  is  required  for  the  fixation  of  the  carcinogenic  event.  We  have  been  able  to 
induce  neoplastic  transformation  of  normal  human  fibroblasts  with  a  variety  of  chemicals,  including 
B (a )P ,  if  the  cells  are  in  an  enhanced  proliferative  state  (2,15).  However,  we  have  not  been  able  to 
transform  confluent,  non-proliferating  human  cells  even  if  the  cells  are  subpassaged  and  allowed  to 
divide  immediately  after  the  carcinogen  treatment. 

Even  though  cell  proliferation  is  required  for  chemical  carcinogen-induced  neoplastic 
transformation,  most  studies  of  B (a )P  activation  make  use  of  non-proliferating  cell  cultures 
(3,4,7,11,13,14,22).  It  has  been  shown  with  human  skin  fibroblasts,  that  stationary  (non-proliferating) 
cultures  established  by  seeding  cells  at  a  low  density  in  nutrient-deficient  medium  yield  10  times  more 
oxygenated  B(a )P-metabol i tes  than  proliferating  cultures  (4).  The  significance  of  these  oxygenated 
8 (a ) P  metabolites  to  carcinogensis  is  unknown.  We  reported  previously  that  non-confluent  skin 
fibroblasts  transport  8(a)P  to  the  nucleuj  while  confluent  fibroblast  do  not  (2,20).  Therefore,  the 
increased  metabolism  by  non-proliferating  cultures  may  be  without  effect. 

Human  epithelial  cells  exhibit  different  growth  characteristics  in  vitro  when  compared  to 
fibroblasts,  and  most  human  cancers  are  of  epithelial  origin  (carcinomas);  therefore,  we  felt  it  was  of 
interest  to  examine  the  metabolism  of  B ( a ) P ,  by  epithelial  cells  under  proliferating  conditions  which 
favor  transformation  and  under  non-proliferating  conditions  which  do  not  favor  transformation. 

Epithelial  cells  from  different  primary  target  tissues  were  utilized  to  assess  intertissue  variation. 

The  lung  and  liver  cell  cultures  produce  more  water  soluble  meteoolites  than  do  the  skin  cells 
(Table  1).  The  water-soluble  derivatives  consist  mainly  of  detoxified  conjugates  of  B(a)P  (13,22). 
Considering  that  the  epidermis  is  an  effective  physical  barrier,  the  need  for  an  active  detoxification 
pathway  may  be  less  important  than  with  lung  and  liver. 

B(a)P  diol -epoxides  are  considered  to  be  the  ultimate  carcinogenic  metabolites  of  B ( a ) P  (1,23). 

The  metabolic  activation  of  B(a)P  occurs  at  the  P450  locus  in  the  plasma  membrane,  and  the 
B (a)P-diol -epoxi des  synthesized  form  adducts  predominantly  with  the  N“-  moiety  of  guanine  in  nucleic 
acids  (21-23),  Such  interactions  with  DNA  are  thought  to  be  responsible  for  the  induction  of 
carcinogenesis. 

In  an  aqueous  environment,  B(a )P-diol -epoxides  are  rapidly  hydrolyzed  to  B (a )P-tetrols,  so  these 
are  the  most  significant  products  one  can  measure  in  the  ethyl  acetate  phase.  Little  change  was 
observed  in  the  generation  of  B (a )P-tetrol s  by  proliferating  and  non-prol i feroting  human  epithelial 
cell  cultures  (Table  2).  This  indicates  that  the  activation  pathway  is  f un*.t i oni ng  under  both 
circumstances,  and  that  the  ultimate  carcinogenic  B(a  )P-diol-epoxides  are  synthesized. 

The  early  eluting  polar  B ( a ) P  metabolite  peak  (Figure  3;  Table  2)  is  composed  predominantly,  if 
not  totally,  of  8 (a)P  sulfate  conjugates.  Extraction  of  these  detoxification  products  of  B(a)P  phenols 
with  ethyl  acetate  has  been  reported  using  a  different  chromatographic  system  (7,24).  Our  results  for 
human  epithelial  cells  are  consistent  with  this  detoxification  pathway  being  activated  in 
non-proliferating  cells.  With  the  HEL  cells  (Figure  2  and  3;  Table  2),  the  inc>'ease  in  the  early  polar 
deri  vative(s )  in  the  confluent  culture  is  acconpamed  by  a  decrease  in  B  (a  )P-phenol  s  and  dio's. 
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The  results  presented  in  this  manuscript  demonstrate  that  human  lung  epithelial  cells  and  liver 
parenchymal  cells  biotransform  B(a)P  to  a  much  greater  extent  than  do  human  skin  epithelial  cells.  The 
increased  biotransformation  involves  both  the  activation  and  the  detoxification  pathways.  In  addition, 
non-proliferating  epithelial  cells  have  a  greater  propensity  for  deactivating  B(a)P  than  do 
proliferating  epithelial  cells.  This  may  help  explain  the  need  for  cell  proliferation  during 
carcinogen  exposure  in  order  to  obtain  transformed  cells  in  vitro. 

Transformable  fibroblast  cell  populations  (2)  produce  less  than  3%  hydroxyl ated-epoxide 
metabolites  (oxygenated  forms),  (21).  In  excess  of  98%  of  the  B(a)P  remains  as  B (a )P . 

The  intracellular  distribution  of  8(a)P  in  the  fibroblasts  appears  to  occur  as  B ( a )P  bound  to  a 
low  molecular  weight  lipoprotein  (21).  Our  present  DNA  adduct  data  (Tejwani,  Jeffery  d  Milo, 
unpublished  data)  suggests  that  the  ultimate  major  carcinogenic  form  in  the  nucleus  is  oenzo(a)Pyrene 
7,8  diol  9,10  epoxide  -l  (anti )-deoxyguanosine  .  This  adduct  has  been  reported  by  others  to  be  the 
major  adduct  excised  by  the  error  free  repair  system  from  the  DNA,  (25,26).  In  fibroblasts,  activation 
by  the  microsomal  P450  complex  is  not  necessary  to  biotransform  B(a)P  to  an  oxygenated  carcinogenic 
derivative,  however  activation  ntis1  occur  prior  to  induction  of  carcinogenesis.  We  conclude  from  these 
data  that  the  oxygenation  of  the  B(a)P  to  the  carcinogenic  metabolite  must  take  place  in  another 
intracellular  location,  presumably  vhe  nucleus. 

A  proposed  mechanism  for  the  bii  transformation  of  B ( a ) P  in  fibroblasts  followed  by  the  induction 
of  a  carcinogenic  event  is  presented  here. 
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Similar  studies  are  in  progress  with  human  epithelial  cells  from  target  tissues  to  describe  B(a)P 
activation  and  induction  of  a  carcinogenic  event. 


Table  1 

Partitioning  of  Radioactivity  After  Incubation  of  Human 
Epithelial  Cells  with  LG-^H]B(a)P  for  24  Hours 


Cells 

Organic- 

Percent 

-soluble  Water-soluble 

HEL 

Proliferating 

60 

40 

Non-proliferating 

52 

48 

NFS 

Proliferating 

77 

23 

Non-prol iterating 

81 

19 

Li  ver 

Non-proliferating 

42 

58 

TABLE  2 

B(a)P  Metabolites  Produced  by  Human  Epithelial  Cells  After  Incubation  with  LG-^H JB (a )P 
for  24  Hoursa. 


Cel  Is 

Polar 

Deri vativesb 

“  B(a> 
Tetrols 

B  [a")P 
Oiols 

Unidentified 
Metabol itec 

B  (a}' 
Phenols 

8(a)P 

HEL 

Prol iterating 

— 

34.3 

13.7 

9.5 

12.2 

26.4 

Non-proliferating 

32.1 

27.5 

2.0 

6.9 

3.8 

9.2 

NFS 

Proliferating 

1.9 

4.5 

1.2 

3.4 

2.1 

83.9 

Non-Pro! iterating 

17.0 

9.4 

1.8 

3.0 

1.8 

60.5 

Liver 

Non-prol iterating 

26.3 

25.2 

3.5 

11.6 

3.2 

21.1 

aThe  values  are  expressed  as  percent  of  total  radioactivity,  and  they  represent  the 
integrated  values  under  the  HPLC  peaks. 

treatment  with  aryl  sulfatase  removes  greater  than  80%  of  this  conponent  indicating 
it  is  predominantly  a  sulfate  conjugate  of  B(a)P. 

c8(a)P-6,l2-dione  and  6-hydroxymethyl-B(a)P  co-elute  at  this  position. 
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Figure  1 


C.  Human  embryonic  liver  at  passage  2  at  a  saturation  density  state  of  growth,  160  X. 
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Figure  2.  Metabolite  profile  of  B(a)p 
produced  by  proliferating  HEL  cells,  Tlie 
activity  is  expressed  as  a  percent  of  the 
total  radioactivity  of  B(a)P  plotted  as  a 
function  of  the  retention  time  on  the 
HFLC  column  . 


Figure  3.  Metabolite  profile  of  B(a}F  produced 
by  HEL  cells  at  a  confluent  density.  The  activity 
Is  expressed  as  outlined  in  Figure  2,  legend. 
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Figure  d.  Metabolite  profile  of  produced 

by  proliferating  .transformable  foreskin 
fibroblasts.  The  activity  Is  expressed  as 
outlined  In  Figure  2,  legend. 
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Loraque  le  feu  ae  declare  dana  une  enceinte  close,  telle  qu'une  cablne 
d'avion,  la  eurvle  par  reaction  de  fuite  n'aat  pas  immddiatement  possi¬ 
ble  at  il  faut  d'abord  ragagner  le  aol  dana  lea  conditions  vitales  »i- 
nieua.  Dana  ce  caa,  lee  gaz  toxiques  deviannent  le  problbme  najeur. 

C'eet  pourquoi  il  eat  ndceesaire  da  pratiquar  une  selection  dee  raatd- 
riaux  prdsentent  la  minimum  da  toxicitd  en  cae  da  feu  A  bord. 

Nous  avona  dtd  amende  b  ddfinir  une  chambre  d'eeeaia  permettant  de  mal- 
trieer  euffisamment  lee  parambtres  physiques  de  la  decomposition  thermi- 
que  dee  matdriaux  dtudids  pour  rendre  le  plus  reproductible  poeeible  lee 
atmoephbrea  produitse.  Ce  prototype  doit  possdder  lee  caractbres  spdci- 
fiquee  euivante  l  volume  clos  ralativement  faible,  ranouvelleaent  d'alr 
rapids  (total  en  troie  minutes),  possibility  d'arrSt  pratiquement  total 
de  la  ventilation,  pour  pouvoir  tenter  la  simulation  da  situations  rsn- 
contrdee  en  adronautiqus . 

Nous  prdaentons  ici  la  prototype  de  chambre  d'eaeaiB  rdalisd  au  Centre 
d'Etudee  et  de  Recherchaa  da  Mddecina  Adroapatiale  ainai  qua  lee  premiere 
rdaultats  obtenus.  La  but  de  Cette  dtuda  eat  de  pouvoir,  ultdriaurement, 
et  euivant  lea  critbrea  de  danger  choieis,  fournir  lee  bases  de  edlec- 
tion  de  matdriaux  d ' amdnagement  da  cebinea  d'edronefe. 


INTRODUCTION 

Une  edrie  d'dvbnsmenta  rdcenta  a  de  nouveau  attird  l'ettention  sur  le  drame  que  conatitue  un 
incsndie  dsns  les  liaux  restraints  at  habitda.  Dans  les  constructions  tsrrestres  les  individus 
soumis  b  un  incendie  psuvant  eapdrer  s'y  soustraire  par  une  dvacuation  dea  locaux  si  les  conditions 
sont  favorablea.  Par  contre,  loraque  le  feu  as  ddclere  dene  une  enceintB  close  telle  qu'une  cabine 
d'avion,  la  rdaction  de  fuite  n'est  pas  possible  et  il  faut  d'abord  regagner  le  sol  dans  les  con¬ 
ditions  minimales  de  survie.  Un  incendie  en  vol  (feu  de  moteur,  feu  de  cabine)  est  ralativement 
rare.  Selon  l'AGARO  (1)  il  ne  compts  que  pour  un  vingtibme  de  la  probability  dee  accidents  sdrieux 
compard  aux  incsndies  aprbs  crash.  Ce  type  d'incendie  est  gdndralement  bien  contrflld,  surtout  en 
ce  qui  concerns  les  faux  de  moteur.  En  ce  qui  concerns  les  faux  de  cabine,  une  dtude  de  la  C.A.A. 
(2)  leur  attribue  7  accidents  en  vol  dsns  l'aviation  civile  entre  1963  et  1974.  Les  trois  princi- 
paux  ont  cependent  fait  eu  total  251  victimes.  On  peut  done  dire  que  cette  dventualitd  est  rare  et 
que  si  les  passagers  doivent  survives,  le  feu  ne  peut  Strs  que  de  nature  restreinte.  Hais  la  con¬ 
tribution  dee  matdriaux  de  cabine  b  1 ' aggravation  des  conditions  d'incendie  suivant  certains  at- 
terriesages  catastrophiques  set  loin  d'Stre  ndgligeable.  De  ce  fait,  les  dangers  dQs  aux  feux  de 
matdriaux  de  cabine  ont  dtd  placds  au  quatribme  rang  sur  les  sept  de  l'dchelle  dtablie  par  l'AGARD 
(1).  Cos  matdriaux,  surtout  depuis  le  ddveloppement  massif  de  I'emploi  des  matdriaux  synthdtiques, 
et  l'ensemble  dee  combustibles  divers  (vdteraente,  journeux,  revuee,  elcools,  bagages  b  main)  ap- 
portds  par  les  passagers  aont  trbe  aenaiblas  au  feu.  Dans  ce  css,  les  gaz  toxiques  deviennent  le 
prablbme  ma jeur. 

C'est  pourquoi  il  est  ndceesaire  ds  pratiquer  une  sdlection  de  matdriaux  prdsentant  le  mini¬ 
mum  de  toxicitd  en  cae  de  fsu  b  bord.  DanB  cette  optique,  de  nombreuses  dtudes  ont  dtd  mendes  b 
travers  le  monde  -et  principalemant  aux  Etate-Unis-  pour  dvaluer  la  toxicitd  des  produits  de  ddcom- 
position  thermique  ds  divers  matdriaux  (3  b  21). 

Cee  diveraaa  dtudes  conduisent  b  deux  remarques  essentielles  : 

-  lea  produits  de  ddcompoaition  thermique  das  matdriaux  variant  dnormdmsnt  en  fonction  de  nombreux 
facteura  :  nature  et  composition  du  matdriau,  tempdrature  de  ddcompoBition ,  composition  de  l'atn 
mosphbre,  conditions  de  ventilation,  gdomdtrie  des  dchantilions  dtudids... 

-  l'dtuda  analytique  des  atmoephdrss  produites  ne  auffit  pas  pour  dvaluer  les  risques  encourus  en 
cas  d ' intoxication  acc iden telle .  L ' introduction  d'snimsux  dans  le  processus  expdrimental  est  nd- 
cessaire  pour  estimer  la  perturbation  else  parambtres  phyaiologiquas  au  cours  de  cette  intoxica¬ 
tion. 

Nous  avons  tanu  compte  de  ces  deux  remarques  dans  1 'dtude  concernant  l'dvaluation  de  la  to¬ 
xicitd  des  produits  de  ddcompoaition  thermique  des  matdriaux  d ’ amdnagement  des  cabines  d'avion  que 
nous  avona  entreprise  sur  commands  da  la  Direction  dea  Recherches  Etudes  et  Techniques  (D.R.E.T.). 

Nous  avons  dtd  amends  i 

1  -  A  ddfinir  un  "modbie  feu"  permettant  de  maitriser  Suffiaamment  les  parambtres  physiques  de  la 
ddcompoaition  thermique  das  matdriaux  dtudids  pour  rendre  le  plus  reproductible  possible  les 
atmoephbres  produites.  Du  fait  que  dana  les  adronsfs  on  s  souvent  b  fairs  b  des  conditions  ex- 
trAmee  de  feu  i  combustion  avec  exebs  d'air,  dventuellement  oxygbne,  ou  ,  au  contreire,  auivant 


la  localisation  (aoute,  placard  5  vfitemente)  ou  an  cas  d'arrfit  da  la  ventilation,  &  das  condi¬ 
tions  da  ddcomposi t ion  thermique  voisinea  da  la  pyrolyse  avec  confinement  da  1 'atmasphdre ,  ce 
syst&me  doit,  de  plus,  possdder  lea  carec t6rie tiques  apdcifiquaa  euivantes  : 

.  renouvellemen t  d'air  rapide  (total  an  trois  minutes)  par  flux  laminaire  ; 

.  possibility  d'arrflt  pratiquement  total  de  la  ventilation  ; 

.  possibility  d'apport  d'oxygSne  pur  dans  la  ventilation  ; 

.  volume  clos  ralativement  faibla. 

2  -  A  exposer  das  animaux  aux  gaz  toxiquaa  produits  afin  d'6tudier  la  r6ponae  5  l'agressxon  de 
1 'organisms  antler  avec  6as  suscaptibili t6s  at  see  factions. 

Le  syst&me  experimental  prdsenty  dans  cat  article  comprend  done  un  "mod&le  feu"  original 
dont  lea  carac t6ris tiques  permettent  de  r6pondre  das  contraintee  spdeif  iquement  aeronaut  i  ;uos  dans 
le  cadre  da  notre  ytude  mais  pauvant  dgalement  autoriser  Gon  emploi  pour  simuler  lee  conditions  de 
feu  dana  des  constructions  terrestres  ou  autres  atmospheres  confin6ea  ( soue-mar ins ,  navires,  v6hi- 
cules  stratdgiquea  divers...).  Ce  "module  feu"  est  reliy  &  ; 

.  un  ensemble  de  dosage  des  composants  de  l'atmosph&re  cr66e  ; 

.  un  ensemble  d'exposition  d'animaux  pour  l'6valuation  des  effets  physiol ogi quos  ce  ces 
gaz . 


DESCH1PT I  ON  GENERALE  DU  'MOOELE  PEU'' 

Le  "module  feu"  est  compost  de  trois  parties  distinctea  : 
.  l'enveloppe 


SCHEflA  N°  1 


1.1.  -  L  *  enveloppe 

Elle  est  ryalisde  en  acier  Inox  31*o  Titans,  alliage  pr^eentant  une  bonne  inertie  chimique  et 
une  resistance  eievea  aux  gaz  corroaifs  degages  lora  dee  decompositions  thermiques- 

L'enveloppe  du  "module  feu”  comprend  troie  partie  solidaires  : 

.  la  chambre  de  decomposition  thermique  ; 

.  lee  buses  d'admieeion  d’air.- 

.  la  chambre  de  melange  des  gaz  de  combustion. 

1.1.1.  -  La  chambre  de  decomposition  thermique 

Cette  chambre,  d'un  volume  total  de  0  litres,  partie  centrale  du  "mod&le  feu",  est  conati- 
tu£e  par  un  cylindre  de  U5fl  mm  de  longueur  et  de  300  ram  de  diamfctre  interieur  ouvert  5  sea  deux 
extremites  pour  permettre  un  accfee  aiae  on  son  centre  (cf  schemas  n°  1  et  2).  Lore  dea  experiences 


da  decomposition  thermique, 
l'dtanchditd  da  cette  chambra 
as t  aesurde  par  deux  plaques 
de  Pyrex  (9)  maintanuea  par  das 
supports  matalX iquae . 

Cette  chambre  comports  dans 
sa  partis  eupdrieure  deux  se¬ 
ries  de  trois  fentes  f2)chacu- 
ns  ayant  uns  longueur  oe  100mm 
et  une  largeur  de  1mm.  Ces 
six  fentes  supdrieures  cons¬ 
tituent  lee  arrivdea  d'air 
dans  la  chambre  de  decomposi¬ 
tion  thermique.  A  la  partie 
infdrieure  de  cette  chambrB, 
deux  adriee  de  trois  fentes 
(tHayant  chacune  une  longueur 
de  100mm  et  une  largeur  de 
2mm  permettent  I'dvecuation 
des  produita  et  gaz  de  ddcom- 
position  thermique  vers  la 
chambre  de  mdlange  dee  gaz. 

1.1.2.  -  Lee  buses  d,admission 

d'air  (cf.  schdme  n°  3) 

Les  buses  d'adraission  d'air 
fiont  au  nombre  de  six  et  cor¬ 
respondent  aux  six  fentes 
d'arrivde  d'air  dans  la  cham¬ 
bre  de  decomposition  thermique. 
Cheque  buse  eat  constitude 
cJ'une  pifece  mdtallique  de 
IBQmm  de  longueur  et  de  30mm 
de  largeur.  A  l'intdrieur, 
lea  buses  comportent  un  aye- 
tfeme  de  chicanes  destindes  & 
rdpartir  l'air  de  fagon  unifor- 
me  sur  la  longueur  totals  de 
chaque  fente. 

1.1.3.  -  La  chambre  de  mdlan- 

ge  dee  gaz  de  combus¬ 
tion 

Cette  chambre,  situde  sous 
la  chambre  de  ddcomposition 
thermique,  eet  en  relation 
avec  celle-ci  par  l'intermd- 
dieire  de  six  fentes  permet- 
tant  le  passage  des  gaz  de  com¬ 
bustion.  Elle  0 8 1  constitude 
par  un  demi  cylindre  de  850mm 
de  longueur  et  de  90mm  de 
rayon  soudd  £  la  partie  infd- 
rieure  de  la  chambre  de  dd- 
compoeitxun  thermique. 


1.2.  -  Le  module  de  cheuffage 


SCHEMA  N°  3 


Le  chauffage  du  "moddle  feu" 
eat  aaaurd  par  un  ensemble  de 
cinq  rdaietancee  dlectriquee 
chauffantes  de  600  W  chacune, 
aoit  une  puissance  maximale 


de_3  KW. 

Le  module  de  chauffage  eat  conatitud  de  deux  plaques  de  eilice  Q>) aol idai res  l'une  de  1 'au¬ 
tre  par  quatre  entretoiaea  en  silica.  Ces  deux  plaques,  distantee  de  loDmm,  aont  percdes  d'un  trou 
de  o4mm  de  diamdtre  per mefctant  le  passage  de  1  * dchantillon  et  de  cinq  troua  latdraux  de  25mra  de 
diamdtre.  Cea  cinq  troua  aont  deatinda  &  recevoir  cinq  tubes  de  quartz  QQ  ^  l'intdrieur  deaquels 
sont  placdes  les  rdsiatances  chauffantes  ainai  protdgdes  des  gaz  corrosife  ddgagda  lore  dea  expd- 


riences  de  ddcomposition  thermique. 


Ce  module  de  chauffage  ast  placd  dane  la  partie  centrals  de  la  chambre  de  ddcomposition 
the  rmique . 


1.3.  -  Le  porte  dchantillon 


L ' dchantil Ion  du  metdriau  testd  est  plecd  aur  un  chariot  en  uartz  (6)  de_300mm  de  longueur 
et  de  30mm  de  largeur.  Ce  chariot  eat  mobile  et  poad  aur  deux  rails  «n  quartz  (V) t raversan t  la 
chambre  de  ddcomposition  thermique  sur  toute  aa  longueur.  Ces  deux  rails,  solidaires  entre  eux, 
repoaent  5  chaque  extrdmitd  de  la  chambre  aur  des  barrea  mdtalliquss  ds  soutien. 
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CARACTEOES  SPECIFIUUES  DU  "ilODELE  FEU" 


2.1.  -  La  ventilation 


L'air  arrivant  dana  la  chambre  de  decomposition  thermique  aat  rdparti  par  lea  six  buaea 
d'admission  d'air  (T)  .  Le  debit  global  eat  rdgie  b  l'aide  de  eix  ddbimbtrea  &  1200  litrea/heure . 
Ce  rdglage  assure  W  renouvellement  de  l'air  de  la  chambre  de  decomposition  thermlque  toutea  lea 
troie  minutes,  ce  qui  correspond  aux  conditions  adronautiquea  normalee  de  ventilation.  Le  debit 
d'air  et  la  teneur  en  oxygbna  peuvent  8 1 re  modifies  pour  etudier  l'influence  de  cea  deux  facteura 
aur  la  decomposition  thermlque  des  6chantillons  dtudida. 


Lee  buses  d'admieaion  d'air  (I^Jont  ete  conguea  avec  un  aystbme  de  chicanes  permettant  d'ob- 
tenir  b  l'intdrieur  de  la  chambre  de  decomposition  thermlque,  un  flux  d'air  laminaire  (cf.  schema 
n°  4). 


Lea  gaz  de  combustion  paasent  anauite  dans  la  chambre  de 
melange  ou  un  ensemble  de  deux  agitateura  (10)  assure  l'ho- 
mogeneite  du  gaz  5  analyser. 

2.2.  -  Le  systems  de  regulation  et  de  programmatlon 
de  temperature 

Le  chauffage  de  1 ' 6chantillon  eat  regie  par  un  systems 
de  regulation  et  de  programmatlon  de  temperature  pilote  par 
un  des  quatre  thermocouples  uT)  traveraant  l'enveloppe. 

2.2.1.  -  La  regulateur  de  temperature 

II  commands  1 ' al iraentetion  eiectriqus  du  systems  de  chauf¬ 
fage  et  assure  une  stabilisation  de  la  temperature  e  la 
valaur  affichde. 


2.2.2.  -  Le  programmeteur  da  temperature 

Ce  generateur  deiivre  une  tension  de  reference  qui  croit 
ou  ddcroit  lineairement  pendant  une  durde  predetermines 
allant  da  une  minute  e  quel  quae  heurea. 

A  l'aide  de  cat  ensemble  de  regulation  et  de  program- 
mation  de  temperature,  nous  pouvona  done  effectuer  deux 
types  d'eaeaia  da  decomposition  thsrmique  t 

.  eeaaia  b  temperature  fixe  pendant  un  temps  determine; 
.  saaais  avec  montde  progressive  de  temperature. 


SCHEMA  N°  4  Dans  lee  conditions  actuellae,  avec  une  puissance  de 

"  3  KU,  la  temperature  maximale  obtenue  dana  la  zone  de  chauf¬ 

fage  eat  de  (150°  C.  Une  modification  des  resistances  chauf- 
fantes  et  une  augmentation  de  puissance  doivent  permettre  d’atteindre  prochainemsnt  une  temperature 
de  900°  C. 


2.2.3.  -  La  aystbme  d'avance  de  1 ' dchantillon 

Les  materiaux  4  tester  sont  places  sur  le  chariot  ports  dchantillon  qui  peut  se  deplacer  aur 
touts  la  longueur  da  la  chambre  de  decomposition  thermlque.  Ce  chariot,  aupporte  et  guide  par  deux 
rails  en  quartz,  eat  tird  grflee  1  un  fil  de  platine  relid  b  un  rooteur  dlectrique  b  allure  variable. 
11  eat  possible  de  ce  Tait  d'effectuer  deux  types  d'esaaia  : 

.  asaais  statiques  ;  1 1 dchantillon  raate  centre  dana  la  zone  de  chauffage  pour  subir  une 
decomposition  thermique  b  temperature  fixe  ou  en  programmatlon  de  temperature. 

.  easaia  dynamiquea  :  1 ' dchantillon  eat  place  avant  le  debut  de  1 'experience  dans  la  zone 
d'attente.  Loraqua  Is  temperature  desires  est  atteinte,  le  moteur  d ' entrelnempnt  du  cha¬ 
riot  as t  mis  en  marche .  Celui-ci  avanca  done  dens  la  zone  de  chauffage  b  vitesse  Cons¬ 
tanta-  Nous  regions  actuallement  l'avance  du  chariot  b  une  vitesae  de  1  cm/mn.  En  teatant 
das  echantillona  d'une  longueur  de  30  cm,  nous  rdalisona  done  dea  eaaais  d'une  durde 
totals  de  30  minutes. 


Un  aystbme  d ' asservissement  de  l'avance  du  porta  dchantillon  en  fonction  de  la  vitesse  de 
combustion  sera  ddcrit  ul tdr ieureman t . 


3Y5TE.-1L5  D'ETUDES  DES  PH0DUITS  DE  DEC  3MP05I T  I  ON  THEWIIUUE 

L'dtude  das  produits  de  decomposition  thermique  comports  une  partie  analytique  et  une  partie 
tox i  coloqitjue . 

L'anelyoo  de  1'atmoBphbra  produite  dana  la  cnambre  de  decomposition  thermique  est  assures 
par  un  ensemble  d'apparoils  connectds  1  la  sortie  de  la  chambre  de  melange  des  gaz  (cf.  schema  n°  5). 
Las  princniux  toxiques  dosds  en  continu  sont  I 
.  oxyde  de  carbone  CO 
.  dioxyde  de  carbone  CO^ 

.  oxygbne  0^ 

.  oxyde  d' azote  NO  -  NOx 
.  hydrocarbures  totaux 
.  chiorurea  Cl  et  cyanurso  CN 
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.  densitd  das  fumeaa. 

L'etuds  analytiqus  oat  completes  par  une  dtude  toxicologique  sur  l’snimsl  t 
.  toxlcitd  auraiguB  alvdolaire  sur  la  lapin  : 

.  toxicite  an  ventilation  spontande  sur  le  rati 
.  toxlcitd  comportementale  sur  la  souris. 


RESULTATS  ET  DISCUSSION 

Lbs  produits  da  decomposition  thermique  da  troia  raatdriaux  (peuplier,  chlorure  de  polyvinyle- 
PUC,  polyur6thane-PU)  ont  dtd  dtudids  salon  deux  protocoles  opdretoireet 

.  ddcoi .position  lors  d'uns  montde  progressiva  de  temperature  da  20  &  500°  C  : 

.  decomposition  &  temperature  fixe  450°  C. 

Afin  de  pouvoir  comparer  entrs  aux  lea  rdaultats  obtenua  avec  chacun  de  ces  trois  materiaux, 
las  concentrations  das  produits  de  decomposition  thermique  aont  exprimes  en  mg  de  toxique  degage  par 
1  gramme  d ' echantillon  at  en  1  minute. 

4.1.  -  Decomposition  thermique  par  montde  progressive  de  temperature 

4.1.1.  -  Conditions  opdrstoiras 

.  Temperature  :  20  d  560°  C 
.  Durde  totale  de  l'essai  :  30  minutes 
.  D6bit  d ' air  :  1200  l/h. 


Echantillon 

Dimensions 

(mm) 

Poids 

Peuplier 

100  x  20  x 

7 

4,05 

PUC 

100  x  20  x 

3 

9,75 

PU 

100  x  30  x 

10 

1,15 

L 'echantillon  est  place  sur  le  chariot  porta  echantillon  situd  eu  centre  de  la  zone  de  chauf- 
fage  du  "moddle  feu".  Une  foie  installd  le  systems  ds  chauffage  set  programme  et  ddclenchd  pour 
atteindre  la  temperature  de  560°  C  en  30  minutes. 

4.1.2.  -  Rdaultats  (figures  1,  2,  3) 

Les  temperatures  de  degagsment  maximum  des  principaux  produits  de  decomposition  thermique 
aont  indiques  dane  le  tableau  1.  Lea  concentrations  en  toxiques  augmentent  avec  1 'elevation  ds 
temperature  mais  an  constate  qua  les  temperatures  d'apparition  et  de  ddgagement  maximum  different 
suivant  le  matdriau  teste.  Ainsi,  le  degagsment  maximum  d’oxyde  de  carbons  est  obtenu  pour  dee 
tempdratures  variant  de  350°  C  pour  le  peuplier  d  515°  C  pour  le  PUC. 

On  peut  done  ddfinir  pour  chaque  matdriau  une  "Temperature  critique"  qui  correspond  d  la 
tempdrature  de  ddgagement  maximum  du  toxique  majeur. 


Echantillon 

Peuplier 

PUC 

PU 


Toxique  ma  ;eur 

CO 

HC1 

HCN 


T  empdrature 
critique 
350°  C 
345°  C 
515°  C 


4.2.  -  Decomposition  thermique  3  tempdrature  fixe  450°  C 
4.2.1.  -  Conditions  opdratoires 
.  Tempdrature  :  450°  C 

.  Uitease  d'avancs  du  chariot  :  1  cm/mn 
.  Durde  totale  da  l'essai  t  30  minutes 
.  Ddbit  d'air  I  1200  l/h. 


Echantillon 

Dimensions 

(mm) 

Poids  (g) 

Peuplier 

300  x  20  x 

7 

16 

PVC 

300  x  20  x 

3 

27 

PU 

300  x  20  x 

10 

3,2 

L 'dchantillon  eat  placd  sur  le  chariot  ports  echantillon  situd  dans  la  zone  d'attente  du 
"moddle  feu”  et  est  progreasivsment  introduit  dans  la  zona  de  chauffage  dont  la  tempdrature  a  dtd 
stabilises  d  450°  C. 

4.2.2.  -  Rdaultats  (figures  4,  5,  6) 

Lea  concentrations  an  produits  de  decomposition  augmentent  avec  le  temps.  On  constate  pour 
les  trois  matdriaux  testes  une  cindtiqus  de  ddgagement  aemblable  comprenant  deux  phases  eucceasives 
(figure  7). 

-  1°  phase  juequ'd  la  2U6me  minute  correspondent  d  une  augmentation  d'abord  lente  puis  rapids  des 
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concentrations  en  produits  de  decomposition.  II  faut  noter  dans  Is  css  du  peuplisr  un  ddgagement 
de  toxiques  beaucoup  plus  rapids  qu'avsc  la  PVC  at  la  PU. 

-  2°  phase  de  la  20eme  i  la  306me  minute.  C'est  un  plateau  de  stabilisation  ou  la  concentration  en 
toxiques  n'augmente  plus.  II  ss  realise  dans  l'enceinte  du  "module  feu"  un  equilibre  entre  la  quan- 
tite  de  toxiqua  ddgagdB par  Is  materiau  at  cello  evacuee  par  le  flux  d'air  parcourant  la  chambre 
de  combustion. 

D'autre  part,  la  rsproductibilite  dee  atmospheres  produites  dans  le  "models  feu”  a  ete  tes¬ 
tes.  Cinq  essais  de  decomposition  thermique  e  450°  C  ont  ete  effectuds  sur  chaque  matdriau.  La 
tableau  (2)  ddcrit  un  resume  des  rdsultats  obtanua  et  de  leurs  pourcentages  de  variations.  On  peut 
conclure  e  une  rsproductibilite  tree  aatisfaisante  de  ce  "models  feu"  puieque  l'on  obtient  des 
pourcentages  de  variation  d'environ  10  %  e  l'dquilibre.  En  ce  qui  concerne  lea  toxiques  doada  par 
potentiometris  (HC1  -  HCN)  le  coefficient  da  variation  sat  plus  important  car  l'affusion  de  riactif 
(AgN03)  est  function  d'une  difference  de  potential  ainimale  entre  les  deux  electrodes  (reference  et 
meeure) . 


CONCLUSION 

On  peut  conclure  du  present  expose  qua  nous  disposona  d'un  "models  feu"  permettant  une  re¬ 
production  aatisfaisante  d ’ atmospheres  toxiques  et  la  mattriee  de  nombreux  parerndtrea  pouvant  in- 
fluencer  sur  leur  composition.  Las  rdsultats  des  premieres  etudes  toxicologiquea  aeront  relatdes 
dans  une  prochaine  communication. 
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TABLEAU  1  :  Tempdrature  de  ddgagement  maximum  des 

principaux  produits  da  decomposition 
thermique. 
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Temps  x Echantillon 
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INTROmJCTION 


The  principal  toxic  action  of  carbon  monoxide  is  accepted  as  being  due  to  its  combination  with 
hemoglobin  to  form  carboxyhemoglobin  (COHb).  This  has  the  effect  or  diminishing  the  oxygen  carrying 
capacity  of  the  blood  as  well  as  altering  the  oxygen  dissociation  characteristics  of  the  remaining  oxy¬ 
hemoglobin,  This  fundamental  action  of  carbon  monoxide  is  utilized  as  an  objective  measure  of  the  degree 
of  exposure  and  resulting  intoxication  based  upon  the  level  of  COHb  produced.  The  relationship  between 
variable  physiol ogical  parameters  such  as  diffusivity  of  the  lung,  the  ventilation  rate  and  the  affinity 
of  blood  for  CO,  the  ^0  concentration  in  inspired  air  and  the  exposure  time  has  provided  a  valuable 
means  of  predicting  COHb  formation  M . 

OTANDAPPC  FOR  ACUTF  CO  EXPPCUPE 

The  formation  of  T'Hb  is  utilized  as  the  indicator  of  toxicity  in  the  establishment  of  standards 
for  maximum  r0  exposures.  These  standards  are  based  upon  dosages  (Ct),  determined  by  the  concentration 
of  CO  in  the  ambient  air  and  the  time  duration  of  exposure.  As  these  relationships  have  been  well 
established,  the  resulting  COHb  levels  may  be  predicted.  Ouch  a  relationship  is  illustrated  in  Fig.  1 
based  upon  the  equation  of  Coburn  et  al ,  fl)  applied  to  short  term  exposures  for  individuals  engaged 
in  heavy  work.  Maximum  exposure  limits  have  been  derived  in  the  formulation  of  standards  such  as  is 
illustrated  in  Figure  P  (5).  On  the  basis  of  the  relationship  illustrated  in  Fig.  1  the  standard 
shown  in  Fig.  2  would  limit  COHb  formation  to  10*?. 


FIGURE  1 


ABSORPTION  OF  CARBON  MONOXIDE 
DURING  HEAVY  WORK 

Ret.  Paterson.  JE  and  Stewart,  R.D.  1970 


f 


\h 

IS 


i 


Bia-: 


PTGUHK  2 

Maximum  Allowable  CO  Concentration 


This  standard  provides  useful  guidelines  for  maximum  exposure  dosages,  however,  there  may  exist 
a  diminishing  margin  of  safety  which  it  offers  in  the  range  of  short  term,  high  concentration 
exposures, 

FIFLP  KXPOgUKP  EXAMPLES 
Diving 

A  human  exposure  to  a  known  high  concentration  of  was  found  in  a  'anadian  sports  diving 
accident  occurring  in  1077,  This  accident  involved  seven  people.  The  individuals  in  this  accident 
had  the  misfortune  of  charging  their  diving  tanks  from  an  overheated  high  pressure  air  compressor.  A 
post  accident  analysis  of  the  air  in  the  last,  tank  charged  from  this  compress ~r  is  shown  in  Table  T. 
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'"he  profiles  for  CO  evolution  within  the  confines  of  an  armoured  fighting,  vehicle  during  the 
test  firing  of  a  7.60  mm  and  50  cal  machine  gun  carried  out  by  the  authors  are  illustrated  in  Figures 
5-  and  •'* , 

FIGURE  d 


CO  concert  ration*  dung  7  62mm  machne  m 
Img  under  two  dNtew*  test  condrtm 


Time  (minute*) 


T.’  T  C.T  ID  JT  lj 


CO  conc*rtr»tiooa  during  50  c«l  machine  gun 
hung  under  three  t>«erent  test  condition* 


Tim©  |  minutes) 


The  prtt-v‘1  ♦'or  the  testing  r*%  weapons  in  armoured  vehicles  under  static  conditions  calls  for 
♦ho  procedure  to  bo  carried  out.  by  means  of  remote  weapons  firing  and  CO  sensing  if  possible.  Where 
*ert  personnel  must  occupy  the  interior  of  the  vehicle,  a  maxima  dosage  ( CO  of  6000  ppm  min  is  not 
be  exceeded.  This  criteria  is  illustrated  in  Figure  ^  where  under  the  closed  down  condition  with 
rr>  ventilation,  a  '"t  <  f  Soon  ppm  rin  was  achieved  in  seven  minutes  and  the  test  was  terminated.  The 
’■'Hb  of  a  non-smoking  individual  exposed  to  this  condition  determined  by  the  measurement  of  CO  in 
expire.?  air  (6),  was  found  t.o  be  6.  t*  at  the  end  of  this  period. 


Very  high  dosages  of  CO  may  be  received  as  the  result  of  more  prolonged  exposures  to  lesser 
concentrations  of  carbon  monoxide.  Such  a  condition  is  illustrated  i ri  a  carbon  monoxide  survey 
conducted  in  a  poorly  ventilated  weapons  test  range  building.  The  rCi  profile  measured  during  this 
survey  is  illustrated  in  Figure  5. 


FIGURE  5 


CO  concentrations  m  a  weapons  test  range 
dirng  firing  of  a  7  62  mm  GPMG 


Time  (minutes) 


The  CC  was  measured  in  the  immediate  vicinity  of  the  weapons  technician  operating  the  range. 
As  all  firing  was  conducted  by  remote  methods ,  behind  a  protective  barrier,  his  activity  was  fudged 
to  be  that  between  sedentary  and  light  work.  The  dosages  received  were  ppm  min  after  ^ 

minutes  -*f  firing  and  ppm  min  after  00  minutes  of  firing.  The  weapon  technician  was  a  non- 

smoker  and  fOHb  determinations  made  by  the  measurement  of  TP  in  expired  air  at  these  two  time  periods 
were  found  i -  be  S."'*'  and  10,6*  respectively .  This  is  illustrated  in  Figure  S,  7n  addition,  the 
sequence  the  development  of  subjective  indications  of  ro  pensioning  are  also  shown. 

:  ~:i 

The  examples  "f  carbon  mor.o-'ide  poisoning  presented  represent  throe  -If  ’'ferent  intensities  of 
exp  sure,  ranging  high  concent rt t ion  (6oon  ppm'1  for  a  sh "r*  exposure  peri  '  i  v'  to  r  minutes, 

a  mean  c'u'.v'^ntr'it  i  '-ti  "f  ’rle  ppm  for  f  ?ven  minutes  and  n  mean  concent  rat  i .  n  of  ppm  4'*r  minutes. 
These  exposures  reinforce  *  he  importance  of  the  rate  t  he  challenge  upon  the  rer.nl +  art  *  xio 
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produced  by  CO  was  shown  to  be  greater  than  that  resulting  from  hypoxia  alone.  These  authors  further 
demonstrateed  that  the  CO  effects  were  reversed  by  1  ight.  indicating  a  photodissociat ion  of  CO  from 
its  site  of  binding  as  would  be  the  case  for  an  iron -porphyrin  complex  such  as  cytochrome  a-^  oxidase. 

The  investigations  reviewed  point  towards  carbon  monoxide  having  other  possible  mechanisms  of 
toxicity  in  addition  to  the  formation  of  CPHb, 


CONCLUSION 


Current  military  standards  for  maximum  CO  exposure  consider  the  time-concentration  relationship 
of  CP  exposure  and  are  based  upon  the  effects  known  to  be  produced  at  varying  COHb  levels.  While  the 
formation  of  CPHb  is  a  principal  determinant  of  CO  poisoning  it  may  not  reflect  the  true  severity  of 
intoxication  for  brief  exposures  to  high  concentrations.  For  this  reason,  as  well  as  the  potential 
for  other  toxic  actions  of  CO  exerting,  their  effect,  the  application  of  the  upper  limits  of 
exposure  in  standards  must  be  viewed  as  having  a  very  small  margin  of  tolerance  towards  the 
prevention  of  decrements  in  performance  or  the  assurance  of  human  safety. 
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INTRODUCTION 


Dans  les  conditions  normales  du  vol  et  essentiel lement  du  fait  de  la  ventilation  li^e  a  la 
pressurisat ion,  1 ' atmosphere  des  cabines  d'a£ronefs  ne  presente  aucun  signe  de  pollution  m£me  pour  dps 
vols  de  longue  dur£e  (VIEIILEFOND  et  Col  1977). 

II  n'en  va  pas  de  mPme  lorsqu'un  incendip  se  declare  !)  bord  ou  lorsque  par  suite  d'une  avane 
du  systeme  de  cl imat isation  des  gaz  d* £chappements  des  propulseurs  pen^trent  dans  la  cabine. 

Des  accidents  a^riens  r£cents  ont  montr£  qu’une  intoxication  massive  de  1' Equipage  et  des  pas- 
sagers  pouvait  avoir  lieu  avant  m&me  la  destruction  de  l'avion  par  le  feu  ou  le  crash. 

Dans  ce  genre  d' accident,  les  polluants  qazeux  lib^rds  dans  la  cabine  peuvent  £tre  extr&mement 
varies,  mais  les  oxydes  de  carbone  sont  toujours  presents. 

La  toxicity  des  oxydes  de  carbone  est  aujourd'hui  bien  connue  mais  on  s’est  moms  interesse  & 
une  6ventuelle  potent ial isation  de  leurs  effets  toxiques  par  1 'altitude. 

Le  but  du  travail  presente  ici  est  de  pr^ciser  le  r61e  d'une  diminution  de  la  prpssion  partielle 
d'oxyqfcne  r.ur  la  toxicity  ri'un  meianqe  inspire  contenant  du  monoxyde  ou  du  dioxvde  de  carbone.  Les  etudes 
ort  6 te  menses  sur  l’homme  pour  le  dioxyde  de  carbone  et  pour  des  raisons  de  securite  sur  1 'animal  en  ce 
qui  concerne  le  monoxyde. 

Dans  le  premier  cas  on  a  cherchcs  ii  mettre  en  Evidence  une  £ventuelle  degradation  de  la  perfor¬ 
mance  psychomotrice  d'un  op£rateur  humain  travaillant  en  altitude,  en  rndme  temps  qu'etaient  etudiees  les 
reactions  vent i latri res  et  cardio-vasculaires. 

Dans  le  deuxidme  cas  on  a  cherche  k  etablir  si  1 'hypoxic  interferait  sur  la  concentration 
lethale  *>0  p.  cent  des  oxydes  de  carbone  chez  1 'animal. 

MFIHODniUGIl  El  PROTOCOL [ 


1  -  Chez  I'homme  1' etude  a  ete  menep  en  trois  phases  successions. 

In  premiere  effectuee  au  sol  (Pp  muyenne  r  1007  mb!  avnit  pour  but  d'acquerir  les  donnees 
temoins  en  dehors  du  stress  altitude. 

la  seconde  a  ete  effectuee  au  caisson  d'altitude  <9  2900  m  soit  Pp  _  799  mb. 
la  troisieme  enfin  a  ete  conduit e  &  9000  m  soil  PD  -  s42  nib. 

Au  rours  de  chacunp  des  trois  phases  les  sujets  ont  inhale  un  melange  compose  soil  d'air  normal 
soi t  fie  melanges  enrichis  en  qaz  carbonique  de  faqon  h  atteindre  les  concentrations  dp  0,9  -  1  -  2  et 
4  p,  cent. 


les  pressions  part  iel  les  inspirees  en  C02  varient  par  consequent  au  sol  de  2,29  ^  50  torr,  £ 

290(1  m  de  l.H  ft  24  torr  et  ft  9000  m  dp  1.9  ft  16  torr.  les  melanges  ont  ete  ohtenus  par  une  methode  volume- 
triqur  et  rnnt roles  par  spent ometrie  de  masse. 

On  masque  orofacial  type  aviation  permettait  1' inhalation  du  melange  respiratoire  et  la  mesure 
flu  debit  vent  1  Intoi  re  par  pneumotachoqraphie.  la  saturation  en  oxyqene  de  1  'hemoqlobinp  artenelle  a  ete 
font  ruler  en  cont inu. 

Au  plan  cardiovasrulni re,  les  techniques  de  piet hysmoqraphie  par  impedance  elect rique  ont  permis 
de  mesure  r  les  variations  du  debit,  nort  ique  et  du  debit  cerebral. 

Fnfin,  la  performance  psychomotrice  des  sujets  d'cxperience  a  ete  apprecie~  efi  etudmnt  les 
resultats  nhtenfjs  lore,  d'une  t «irhe  romplexe  associant  un  test  fie  poursuite  c  omppnsee  sur  deux  axes  repre¬ 
sent  ant  la  t  ache  principal**  et  un  test  de  detection  de  siqnaux  lummeux  aieatoires  realisant  la  tache 
seronrla  1  re . 


Quat  re  sujets  v-olontatres  adult es,  en  bonne  sante,  et  bien  enframes  nux  test?;  psychnmnt  eurs 
ont  parlicipe  ft  1  ’  rxper  imentat  ion .  le  m^me  protocole  a  ete  utilise  aussi  bien  au  sol  gu'en  altitude  et 
pour  rharune  des  concent  rat  inn  en  dioxvde  fte  carbone. 

If'  su.jet  ecjuipe  <1es  electrodes  tie  receuil  et  ctes  different s  rapt  purs  est  instalie  assis  devant 
la  hatterie  de  tests  de  performance.  Iquipe  du  masque  mhalateur  ll  respire  l’air  ambiant.  le  caisson  est 
alors  amene  a  la  pressifiri  cor  respnridant  e  ft  I'altitude  rhoisie.  I orsque  relic  cm  est  stabiliser  le  depart  dr 
1  ‘  exper  1  ence  est  donne  et  le  su  jet  commence  A  inhaler  le  melange  respiratoire  realise  pour  1’essai  du  jour. 


L ' enreqi strement  des  paramfetres  physioloqiques  est  effectufe  h  la  cinqiufeme  minute. 

A  la  13  feme  minute  le  sujet  effectue  un  test  psyehomoteur  qui  dure  lui  mfeme  ID  minutes. 

A  Tissue  de  celui  ci  un  nouvel  enregistrement  des  paramfetres  physiologiques  est  effectufe. 

L' experience  comporte  ainsi  quatre  tests  de  dix  minutes  sfeparfes  par  des  temps  de  repos  de 
10  minutes  dont  les  cinq  premiferes  servent  aux  enreqistrements  physioloqiques.  De  telle  sorte  que  la  durfee 
totale  de  T experience  est  de  une  heure  trente. 

2  -  En  ce  qui  concerne  T experimentation  aninale  : 

L'altitude  a  fetfe  simulfee  en  rfetablissant  au  sol,  la  pression  partielle  d'oxygfene  rfegnant  au 
sol  fe  2000  et  5000  m.  L’exposition  des  animaux  a  fetfe  rfealisfee  dans  une  cage  spfecialement  congue  et  permet- 
tant  la  preparation  exten.poranfee  des  mfelanges  gazeux  enrichis  en  CO  ou  CO2  e  en  oxygene  sans  risque  pour 
les  manipulateurs. 

Gr^ce  fe  un  systfeme  de  sas,  les  animaux  fetaient  intruduits  brusquement  dans  T ambiance  toxique. 
le  temos  d'exposition  a  fetfe  fixfe  fe  15  minutes  pour  tous  les  essais.  Ce  temps  parait  reprfesentatif  des 
conditions  aferonaut iques  puisqu’en  vol  il  ne  peut  fetre  question  ni  d'fevacuer  un  appareil  en  moins  d'un 
quart  d'heure  aprfes  le  dfebut  d'un  incendie,  ni  d'accroitre  la  ventilation,  celle  ci  entrainant  une  propa¬ 
gation  de  T incendie. 

La  toxicitfe  a  fetfe  fevalufee  par  la  mfethode  classique  des  concentrations  lfethales  50  p.  cent.  II 
a  fetfe  tenu  compte  dans  le  dfenombrement  des  dfecfes  de  ceux  survenus  dans  les  48  heures  qui  suivent  Texposi- 
tion.  L ' animal  choisi  fetait  le  rat  WISTAR  femelle  pathogen-free  de  100  fe  120g. 

RE5UL  TATS 

L'fetude  de  la  toxicitfe  alque  des  oxydes  de  carbone  chez  T animal  a  fourni  les  rfesultats  sui- 

vants . 

En  ce  qui  concerne  le  dioxyde  de  carbone,  la  toxicitfe  ,  exprimfee  en  pression  partielle  lfethale 
pour  50  p.  cent  des  animaux,  est  relativement  indfependante  de  l'altitude.  Tile  passe  de  39  kPa  au  sol 

fe  36  kPa  a  2000  et  5000  m  pour  une  exposition  de  15  minutes. 

Au  contraire,  la  concentration  toxique  en  rr.onoxvde  de  carbone  expnmfee  de  la  meme  fagon  est 
trfes  sensiblement  proport ionnel le  a  la  pression  baromfetnqup .  To  pffet  elle  est  de  8,2  hPa  au  sol  mais 

seulement  de  6,15  hPa  h  2000  m  et  de  4,48  hPa  a  IVUtitudede  6000  M. 

Ce  rfesultat  ne  fait  que  confirmer  les  donnees  de  la  littferature  concernant  le  mode  d'action 
toxique  de  Toxyde  de  carbone  par  fixation  peu  rfeversible  sur  1 ' hfemoqlobine  avec  dfeplacement  de  l'oxygfene. 

L'inhalation  en  altitude  de  mfelanqes  hypcrcapmqu®  apportr  chez  T homme  des  modifications 
des  grandeurs  cardiovasculai res  et  de  la  performance  psychomotrice. 

Les  rfesultats  de  la  performance  psychomotrice  montrent  d'une  part  qu ' i 1  existe  une  uriabilitfe 
int er individuel le  vis  a  vis  des  effets  du  dioxyde  de  carbone  comine  de  l'altitude  et  que  d'autre  part  Teffet 
du  qa 7  carbomque  est  different  selon  l’altitude  considferfee. 

Ceitairs  sujets  arm'* !  iorent.  leur  performance  en  altitude  et ,  lorsque  la  fraction  mspirfee  de 
Cl)2  augmente  a  une  altitude  donnfee.  f  autres  au  contraire,  diminuent  leur  performance  en  altitude  quelle 
que  soit  la  vnleur  de  I’ hypercapnic .  les  dernier  *nrin  diminuent  leur  performance  lorsque  la  pression 
pa»t  ielh  de  qa/  enrbonique  augmente  dans  l’air  inhaife  au  sol  ou  h  faible  altitude  mam  Tamfeliorent. 

’  rsqu'elle  augmente  h  5000  m. 

•  'dnnt  si  Ton  fa  t  abstraction  de  ces  differences  inter  individuel  les,  on  s'aperc,oit 
qu'au  sol  et  ;  m  la  performance  reste  stable  en  F, notion  de  la  fraction  inspirfee  en  naz  carboniqne 

Pa:  •  h  5800  m  la  performance  est  trfes  dfegradfee  pour  Fj  CO?  nulle  tandis  qu'elle  revient  a 

de.  chi ff res  ;  .,-r,  de  la  norma  le  pour  F  IH^  =  (1,04.  Fnfin  au  cours  d’une  mpme  experience,  on  assistr 

av.ec  le  temps  1  joe  amelioration  de  hi  performance,  le  dernier  test  fetant  siqm  f  icat  1  vement  amfeliore  au 
r  1  ague  de  |  p .  rent  par  rapport  au  premier. 

I]  n'a  pas  fe  e  possible  fie  met t re  en  fevidenre  un  rdle  quelconque  de  P  1 C G 2  sur  le  temps  de 
reaction  mesurfe  tors  du  test  d'extinction  des  siqnaux  lumineux.  Oar  contre  l'altitude  allonge  sign  1 f leal  1 - 
>ipmK.t  le  temps  de  rfeatdion. 

Les  grandeurs  physioloqiques  respi rat oi res  et  card lovascu 1 ai res  sont  classiquement  modififeest 
[jar  i  1 1  y  j  1  f  >  *•  1  e  d '  a  1 1  it  ude  rt  par  T  hypercapnic  . 

On  [nur  d'une  heure  trente  h  l'altitude  de  200(1  m  n'influe  pas  sur  la  ventilation.  Ce  resul- 
iri  ;  .  for  d  aver  h’  travail  dr*MMl  et  Coll  pub  life  en  1,J74. 

P'm  f  nrj|  re  a  5000  r»  nn  ntrem  e  in*r  as  iqment  at  1  on  r  if'  50  p.  cent  dr  la  ventilation  pai  1  appoT  au 
■  augn  ieut  at.  i  r  j  r  ■  r»* ;  t  due  a  la  fnis  a  1  1  are  ro  1  ssrment  du  volume  rourant  ct  de  la  f  rfequenrr  respim- 
'*•  resultais  analogues  not  et  fe  derrits  par  Plir,H  (1964.  V0GF  I  et  Cnl  (1967)  S  A!  1  1  \  (1'4»H  , 

I  Lir  1  • ,  nnri  r  *pfer  1  er  if’es .  quelle  que  soil  la  valour  de  la  pression  baromfet  nque ,  la  ventilation 
'  '.it  r  mi*  inrsque  ia  frar  t  ion  dr  CO^  inhaler  augmente. 


»  at  .-.I. 
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Mali?  U'i  I*  augment  at  ion  du  dybit  est  essent  iel  lempnt  lii5p  an  volume  courant  .  Cette  augmenta¬ 
tion  est  au  sol  do  57  p.  cent  lorsqu'on  passe  de  l'air  ?i  un  melange  de  }  p.  resit  de  CO2*  In  altitude, 

} ’ augment  at i on  du  volume  courant  en  function  de  la  fraction  inhal^e  de  qaz  carbonique  est  plus  faible. 

Ainsi  <?  m  elle  n'est  gue  de  7  p.  cent  lorsqu'on  passe  de  l'air  b  un  melange  b  1  p.  cent 

de  CU2*  l 'augment  at  ion  de  la  frequence  respiratoire  est  par  contre  plus  importante  qu'au  sol. 

1  es  qrandes  variations  individuel Ips  dans  la  r^ponse  ventilatoire  au  stimulus  CO2  permettent 
de  classer  les  sujets  en  deux  categories.  1  es  uns  ont  une  r^ponse  intense  et  pr^coce,  les  autres  pr^sen- 
tent  une  faible  sensibility  au  C02- 

SHAFT FR  (19SR)  l AMBt  RISC N  (I960)  et  KR t OG  (1964)  ont  eux  aussi  d^crit  des  pentes  diffyrentes 
d'un  sujet  b  1 'autre,  de  la  courbe  de  response  du  syst^me  ventilatoire  au  stimulus  C02 *  Pour  ARK1N51AII 
et  Coll  (1974)  cette  difference  de  sensibility  est  d'origine  gynyt ique  mais  ll  n'est  pas  exclu  que  ceux 
de  nos  sujets  gui  sont  t res  habituys  professionne 1 lement  aux  expyr iment at  ions  en  altitude  aient  acquit 
une  moindre  sensibility  au  COj,  telle  qu’on  la  rencontre  che/  les;  sujets  vivants  en  haute  altitude. 

ta  saturation  en  oxyqyne  de  1 '  hymog  loh  ine  iSalW'1  sub  it  une  chute  de  5 , ’>  p.  cent  aprf*s  t  rent  e 
minuteL?  de  syjour  h  2000  m.  SI  Ml.  et  Coll  1.1974''  ont  rapport  y  une  chute  de  5,7  p.  cent  aprys  quel  gue:?  heu- 
res  de  syjour  b  ARIQUIPA  (ville  peruvienne  implant  ye  b  JSIO  mj.Nos  rysultats  sont  parfaitement  concordant  s . 

In  plus  haute  altitude  et  du  fait  de  la  pent e  de  la  courbe  de  Ha re ro ft,  la  desaturation  est 
evideinment  plus  importante.  Aprys  une  heure  b  l>000  rr,  la  SaO,,  a  haissy  de  V>  p.  cent  par  rapport  b  sa 
valour  du  niveau  de  la  mer. 

la  moyenne  altitude  n'interfyre  pas  sur  la  valour  du  cldtiit  cardiaque  par  cnntrc  b  ‘>D!)i)  n.- 
L '  augment  at  ion  du  dybit  est  plus  sensible,  tie  1'ordre  de  10  p.  cent.  In  fonct  ion  de  la  I’iCOj,  ll  t  aid 
attendre  des  valours  yievyps  pour  voir  s'accroitre  1 e  dybit  cardiaque  si  l'altitude  rest e  modyrye. 

Mais  b  S(100  m  U  croit  en  fonct  ion  de  PiCI^- 

I  Evolution  du  dybit  cyrybral  est  tout  b  fait  paraliyte  b  cello  du  dybit  cardiague. 

II  est  intyressant  de  noter  que  1 '  augment  at  ion  du  dybit  cyrybral  en  fonct  ion  de  Pil'iR  r  ■  ’  •••  •  t 
tranche  que  jusqu'^  la  concentration  de  2  p.  cent.  11  semble  ensuite  y  avoir  un  ypuisement  du  slnnui 
COo.  IV  phynomyne  est  probabloment  liy  la  diminution  du  dybit  nort  ique  du  a  la  hradycardie  guVnti  .;  i 
1  * hvpercapnie . 

Cette  diminution  relative  du  dybit  cyrybral  ii  4  p.  cent  de  CO7  n'est  toutefois  pas  suf  t  »  sar 
pour  entrainer  une  dygradat ion  de  la  performance  m^me  en  altitude  parce  que  1’ augment  at  ion  de  la  veutii., 
t  inn  pulmonaire  suffit  b  elle  seule  ii  maintenir  presque  intacte  la  SaO-j. 

In  conclusion  1'inhalation  de  myianqes  hypercapnigues  n'entraine  jusqu'y  2000  m  aucune  mnditi- 
cat  ion  phvsioloqique  autre  gu'une  hyperventilation. 

Celle  ci  est  suffisante  pour  maintpnir  la  saturation  du  sang  artCriel  en  oxygyne  b  un  niveau 
sat isfaisant  de  telle  sorte  gue  la  performance  psvchomot r ice  ne  sub  it  aucune  dygradat ion  pendant  une  heure 
et  demi. 

In  haute  altitude  ( f>800  m)  l 'hvpercapnie  est,  t  ant  gu'elle  reste  modyrye,  responsati  le  d’une 
yiyvation  du  dybit  cardiaque  et  du  dybit  artyriel  cyrybral.  I orsque  l ' hypercapnic  dev  lent  importante  la 
hradycardie  gui  s'installe  enframe  une  diminution  progressive  des  dybit s  vasculai res .  loutefois  la 
baisse  des  dybit s  est  toujours  largement  compensyp  par  1 ' hypervent i lat ion  rysultant  de  la  svnerqie  du 
stimulus  hvpoxigue  et  du  stimulus  huperrapnique .  Si  hien  que  1 '  on  observe  par.  dc  chute  sigmficat  1  v  t' 
de  ta  performance  psyehomut  rice .  Par  contre  b  ‘>000  m,  les  concent  rat  ions  en  oioxvde  de  carbone  de  l) , 
et  1  p.  rent  sunt  incapable*;  de  corriqer  les  effels  nyfastes  de  I'hypoxie. 

I  'hvpercapnie  s'av.yre  ainsi  relativement  capable  de  corriqer  les  troubles,  d'hypoxie  d'altitude 
t  ant  qu'elle  ne  s'accompaqne  pas  d'une  inhalation  d'oxvde  de  carbone. 

I  '  hypervent  1 1  at  i  on  ne  ferait  alors  qu'accroitrr  1 1  int  ox  icat  ion  oxycarhonye  ilont  la  syvYrity  augment  e 
avec  l  ’alt  it  u<le . 
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IN-FLIGHT  OXYGEN  GENERATING  EQUIPMENT 

“■«t|ALLEN 

WRI6HT-PATTERS0N  AFB  OHIO  95933 


SUMMARY 


On-board  inflight  oxygen  generating  systems  produce  high  oxygen  concentrations  of  physio¬ 
logically  ADEQUATE  OXYGEN  FOR  THE  AIRCREWS.  The  QUALITY  OF  THE  OXYGEN  IS  DEPENDENT  ON 
THE  QUALITY  OF  THE  INPUT  AIR  AND  THE  PROVISIONS  MADE  FOR  CONTAMINANT  CONTROL.  ThE 
MOLECULAR  SIEVE  MATERIAL  PROVIDES  UP  TO  95™  OXYGEN  WITH  CONTAMINANT  REMOVAL  AND  SEPARATION 
FROM  THE  OXYGEN  PRODUCT  GAS  MIXTURE.  T HE  CHLORATE  CANDLE  OXYGEN  GENERATOR  PRODUCES  ALMOST 
100™  OXYGEN  FOR  30  MINUTES  AND  HAS  EFFECTIVE  ADSORBERS  TO  REMOVE  CONTAMINANTS  FROM  THE 
OXYGEN  PRODUCED.  THE  FLUOMINE  SYSTEM  PROVIDES  UP  TO  98/,  OXYGEN  IN  THE  PRODUCT  GAS  AND  USES 
ACTIVATED  CARBON  AND  MOLECULAR  SIEVE  FILTERS  FOR  CONTAMINANT  CONTROL.  IHE  CONCEPT  WITH 
THE  GREATEST  POTENTIAL  IS  THE  MOLECULAR  SIEVE  SYSTEM  USING  A  SPECIFIC  TYPE  OF  SIEVE 
MATERIAL  FOR  OXYGEN  CONCENTRATION  AND  EFFECTIVE  CONTAMINANT  CONTROL. 

INTRODUCTION 

In-flight  oxygen  generating  equipment  offers  the  aircraft  designer  and  aircrews  a  life 

SUPPORT  SYSTEM  THAT  FREES  THE  AIRCRAFT  FROM  GROUND  BASED  OXYGEN  RESUPPLY  ACTIVITIES  EACH 
TIME  THE  AIRCRAFT  IS  PREPARED  FOR  A  MISSION.  THESE  ACTIVITIES  REQUIRE  CONSIDERABLE  GROUND 
SERVICING  FACILITIES  AND  MANPOWER.  ThE  ACTIVITIES  REQUIRED  TO  RESUPPLY  THE  OXYGEN  STORES 
ON-BOARD  AN  AIRCRAFT  CONSIDERABLY  EXTEND  THE  AIRCRAFT  TURN  AROUND  TIME  AT  FORWARD  BASES, 

AND  THUS  THE  AIRCRAFT  MISSIONS  ARE  LIMITED  TO  BASES  WITH  THIS  OXYGEN  RESUPPLY  CAPABILITY. 

On-board  in-flight  oxygen  generating  capability  would  eliminate  the  requirement  for 

FACILITIES  FOR  OXYGEN  GENERATION,  STORAGE  AND  SERVICING  AT  BASES  SUPPORTING  MISSIONS 
REQUIRING  FAST  TURN  AROUND  TIME.  IHIS  CAPABILITY  WOULD  ALSO  EXTEND  MISSION  TIMES  BEYOND 
THOSE  WITH  THE  CONVENTIONAL  OXYGEN  SYSTEM, 

The  CONCEPT  OF  ON-BOARD  GENERATION  OF  OXYGEN  IS  NOT  A  RECENT  UNDERTAKING.  (1)  THE  SUB¬ 
MARINE  HAS  UTILIZED  ON-BOARD  OXYGEN  GENERATION.  THE  COAL  MINER  HAD  AN  OXYGEN  GENERATION 
KIT  TO  PROVIDE  BREATHABLE  OXYGEN  IN  HAZARDOUS  OR  TOXIC  ATMOSPHERES.  The  SPACE  PROGRAM 
WITH  THE  REQUIREMENT  FOR  CLOSED  ECOLOGICAL  SYSTEMS  PROVIDED  SIGNIFICANT  DEVELOPMENT  FOR 
ON-BOARD  OXYGEN  GENERATION  IN  SPACECRAFT.  FOR  AIRCRAFT  USE,  THE  OPEN  LOOP  SYSTEMS  WERE 
BETTER  SUITED  WHERE  THE  REUSE  OF  THE  CLOSED  CABIN  ATMOSPHERE  GASES  WAS  NOT  INTENDED. 

The  OXYGEN  WAS  TO  BE  SEPARATED  AND  CONCENTRATED  USING  THE  ATMOSPHERE  OUTSIDE  THE  AIRCRAFT. 
Or,  THE  OXYGEN  COULD  BE  PRODUCED  FROM  CHEMICALS  STORED  ON-BOARD  THE  AIRCRAFT.  IHE  CON¬ 
VENTIONAL  AIRCRAFT  OXYGEN  SYSTEM  CAPABILITY  WAS  THUS  SPARED  OR  EXTENDED. 

LIMITED  QUANTITY  OXYGEN  GENERATOR 

Oxygen  generating  equipment  that  has  been  designed  for  aircraft  use  have  ranged  from  a 

SIMPLE  CHEMICAL  REACTION  DEVICE  TO  SYSTEMS  THAT  ARE  COMPLEX,  HIGH  POWER  CONSUMING  AND 
EXPENSIVE  TO  FABRICATE,  The  SIMPLE  SODIUM  CHLORATE  OXYGEN  GENERATOR  HAS  LONG  BEEN  USED 

by  the  Navy  for  breathing  oxygen  in  submarines.  This  oxygen  generator  in  Figure  1  has 

BEEN  IMPROVED  AND  IS  NOW  USED  ON  AIRLINES  AS  THE  EMERGENCY  OXYGEN  IN  CASE  OF  CABIN  PRESSURE 
LOSS.  WHEN  THE  HOUSING  CAP  IS  REMOVED  AND  THE  OXYGEN  MASK  PULLED  OUT,  A  LANYARD  FIRES  A 
SQUIB  WHICH  INITIATES  THE  REACTION,  OXYGEN  IS  PRODUCED  AND  IS  DUCTED  TO  THE  OXYGEN  MASK. 

From  the  initial  reaction,  the  production  of  some  salt  fumes,  chlorine  gas,  carbon  monoxide 

AND  CARBON  DIOXIDE  IS  POSSIBLE  BUT  THE  UNITS  WERE  PROVIDED  WITH  EFFECTIVE  FILTERS  SO  THAT 
100%  OXYGEN  WAS  AVAILABLE.  No  REAL  TOXIC  HAZARD  EXISTS  WITH  THE  USE  OF  CHLORATE  CANDLES, 

There  was  a  period  of  time  when  developmental  efforts  stressed  closed  loop  ecological 

SYSTEMS  WITH  BREATHABLE  ATMOSPHERES  DESIGNED  TO  USE  SUPEROXIDES  OF  METALS,  FOR  EXAMPLE 
POTASSIUM  SUPEROXIDE,  TlIS  MATERIAL  WAS  EFFECTIVE  FOR  GENERATING  OXYGEN  AT  HUMID  CONDITIONS 
WITH  THE  ABSORPTION  OF  CARBON  DIOXIDE,  PROBLEMS  WITH  THE  SUPEROXIDE  MASS  OCCURRED  WITH 
CAKING  AND  REACTION  PRODUCT  COATING  OF  THE  SUPEROXIDE  GRANULES.  EXCESSIVE  WETTING  DETRACTED 
FROM  ITS  CONTINUED  USE  IN  MANNED  SYSTEMS.  HAZARDS  OF  HIGHLY  IRRITATING  ALKALINE  DUST  WOULD 
BE  PRESENT  IF  THE  FILTER  FAILED  OR  THE  CONTAINER  WAS  RUPTURED. 

The  USE  OF  OTHER  METAL  OXIDES  SUCH  AS  BARIUM  OXIDE  HEATED  TO  HIGH  TEMPERATURES  TO  DECOMPOSE 
THE  OXIDE  AND  RELEASE  OXYGEN  WAS  NOT  CONSIDERED  PRACTICAL  FOR  ON-BOARD  OXYGEN  GENERATION. 

CONTINUOUS  OXYGEN  PRODUCTION  BY  FLUOMINE 

Another  chemical  system  for  oxygen  generation  used  a  cobalt  chelate,  called  Fluomine. (2) 

This  oxygen  generation  system  in  Figure  2  was  designed  to  produce  9.6  lbs/hr  of  oxygen 

AND  HAD  a  WEIGHT  OF  135  LBS.  The  SYSTEM  WAS  OPERATIONALLY  TESTED  IN  THE  C-130  AND  THE 
B  1  AND  FOUND  TO  BE  ADEQUATE  TO  PRODUCE  98  PLUS  PERCENT  OXYGEN. (3)  ThE  FLUOMINE  SYSTEM 

in  Figure  3  utilized  two  canisters  of  the  cobalt  chelate,  alternately  pressurized  with 

CONDITIONED  ENGINE  BLEED  AIR,  EACH  PRESSURIZED  CANISTER  WAS  THEN  DEPRESSURIZED,  HEATED 
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TO  240°F  AND  EVACUATED  TO  3  TO  8  PSIA.  A  4-STAGE  VACUUM-COMPRESSOR  WAS  SPECIALLY  DESIGNED 
TO  EVACUATE  THE  CANISTER  AND  THEN  COMPRESS  THE  EVACUATED  OXYGEN  TO  A  PRESSURE  OF  1800  PSIA, 
IN  THE  HIGH  PRESSURE  GASEOUS  OXYGEN  TANK  IN  THE  AIRCRAFT.  THE  TEMPERATURES  ARE  RATHER  HIGH 
AND  THE  OXYGEN  GENERATOR  REQUIRES  A  TEMPERATURE  CONTROL  SYSTEM  INTERFACED  WITH  THE  AIRCRAFT 
TEMPERATURE  CONTROL  SYSTEM,  A  HIGH  TEMPERATURE  OF  210  TO  240UF  WITH  VACUMM  DESORBS  THE 
OXYGEN.  The  ABSORPTION  OF  OXYGEN  ONTO  THE  FlUOMINE  IS  EFFECTED  AT  100UF  AND  40  PSIA. 

Oxygen  is  thus  provided  to  the  aircrew  through  the  aircraft  gaseous  oxygen  tank  and  no 

BASIC  ALTERATION  TO  THE  AIRCRAFT  OXYGEN  SYSTEM  IS  REQUIRED.  An  ON-OFF  SWITCH  IS  REQUIRED 
TO  TURN  THE  SYSTEM  ON.  THE  TEMPERATURE  CONTROL,  VALVING  AND  COMPRESSOR  ARE  AUTOMATICALLY 
CONTROLLED.  WHEN  THE  PRESSURE  IN  THE  OXYGEN  TANK  DECREASES  WITH  AIRCREW  USE  TO  ABOUT 
1450  PSIA,  THE  OXYGEN  GENERATION  SYSTEM  IS  ACTIVATED  AND  OXYGEN  IS  PRODUCED  AND  PRESSURIZED 
INTO  THE  AIRCRAFT  OXYGEN  TANK  UNTIL  A  1800  PSI  PRESSURE  IS  ATTAINED.  T HE  GENERATOR  IS 
THEN  AUTOMATICALLY  TURNED  OFF. 


The  Fluomine  system  HAS  been  shown  to  BE  effective  AND  ADEQUATE  for  THE  DESIGN  MISSIONS, 
BUT  IT  HAS  SEVERAL  DISADVANTAGES.  THESE  ARE  THE  HIGH  COST  OF  THE  COBALT  CHELATE,  THE 
RATHER  FREQUENT  REPLACEMENT  OF  THE  ACTIVE  MATERIAL,  AND  ITS  VERY  READY  INACTIVATION  BY 
MOISTURE  WHICH  TENDS  TO  ACCUMULATE  ON  THE  FLUOMINE  WITH  TIME  USE. 


MOISTURE  WHICH  TENDS  TO  ACCUMULATE  ON  THE  FLUOMINE  WITH  TIME  USE. 

With  adequate  filters  and  adsorbers,  the  toxic  hazards  associated  with  this  system  have  been 
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DUST  FORM  THE  COBALT  CHELATE  IS  A  PRIMARY  IRRITANT. 


The  Fluomine  oxygen  generation  system  is  being  actively  supported  for  the  B-l  aircraft  use. 
OXYGEN  CONCENTRATION  ON  MOLECULAR  SIEVE 

Another  on-board  oxygen  generation  system  (0B0GS)  was  designed  about  the  use  of  molecular 

SIEVE  (MS),  A  CRYSTALLINE  ALUMINOSILICATE  COMPOUND  ALSO  KNOWN  AS  ZEOLITE.  The  CONCEPT  IN 
IGURE  4  IS  BASED  ON  THE  PHYSICAL  SEPARATION  OF  THE  GASES  BY  DIFFERENTIAL  ADSORPTION. 

HE  AIRCRAFT  ENGINE  BLEED  AIR  IS  COMPRESSED  ALTERNATELY  ONTO  TWO  MOLECULAR  SIEVE  BEDS. (4) 

HE  NITROGEN  UNDER  PRESSURE  IS  ADSORBED  ONTO  THE  MOLECULAR  SIEVE  BY  VAN  DER  WALLS  FORCES 
AND  IS  RELEASED  FROM  THE  MOLECULAR  SIEVE  UPON  THE  RELEASE  OF  THE  PRESSURE.  No  CHEMICAL 
BONDING  OF  THE  OXYGEN  TO  THE  MOLECULAR  SIEVE  OCCURS  SUCH  THAT  OXYGEN  IS  CONCENTRATED  BY 
PASSAGE  THROUGH  THE  MOLECULAR  SIEVE.  NO  HEATING  OR  COOLING  IS  REQUIRED  IN  THE  OXYGEN 
SEPARATION.  THE  RESULT  IS  A  PRODUCT  GAS  MIXTURE  WHICH  IS  APPROXIMATELY  95%  OXYGEN. 


1  HE  RESULT  IS  A  PRODUCT  GAS  MIXTURE  WHICH  IS  APPROXIMATELY 


OXYGEN. 


Prototype  units  of  an  on-board  oxygen  generation  system  were  delivered  for  installation 
into  the  AV-8A  (Harrier)  aircraft.  In  Figure  5,  the  0B0GS  was  compared  with  liquid  oxygen 
converters.  The  molecular  sieve  oxygen  generation  system  had  a  volume  of  0.88  cu  ft  and 
IT  WEIGHED  35  LBS.  A  5-liter  L0X  converter  has  a  volume  OF  1.05  CU  FT  AND  an  empty  weight 
OF  10.5  LBS  APPROXIMATELY  AND  FILLED  WEIGHT  OF  25  LBS  APPROXIMATELY,  CAPACITY  IS  ABOUT 

12.65  lbs  of  oxygen. 

A  10  LITER  L0X  CONVERTER  HAS  A  VOLUME  OF  1.6  CU  FT  AND  AN  EMPTY  WEIGHT  OF  16,25  LBS  AND  A 
FULL  WEIGHT  OF  36  LBS. 

Resource  requirements  for  the  MS  0B0GS  unit  consist  of  compressed  air  supplied  at  55  lbs 


Resource  requirements  for  the  MB  UbUfab  unit  consist  of  compressed  air  supplied  at  55  lbs 
per  hour  at  8-60  psia.  The  required  DC  power  is  50  watts  without  required  heating  but 
600  watts  with  heating  at  exposures  to  low  temperatures  down  to  -65  F.  In  Figure  6  the 
molecular  sieve  oxygen  generator  is  shown  with  the  cover  opened,  the  low  pressure  REGULATC- 
and  mask,  and  the  oxygen  sensor. 

The  contractor  for  the  US  Navy  0B0GS  units  presented  some  most  favorable  information  on  the 
reliability  and  maintainability.  For  reliability,  a  mean  time  between  failure  (mTBF)  of 


l he  contractor  for  the  US  Navy  uBOGS  units  presented  some  most  favorable  information  on  the 

RELIABILITY  AND  MAINTAINABILITY.  FOR  RELIABILITY,  A  MEAN  TIME  BETWEEN  FAILURE  MBF)  OF 
6200  HOURS  WAS  PREDICTED.  THE  ONLY  MOVING  PART  WAS  A  ROTARY  VALVE  WHICH  CYCLED  THE 
PRESSURIZATION  AND  DEPRESSURIZATION  OF  THE  CANISTERS  ON  A  TIME  CYCLE  FOR  OPTIMUM  OUTPUT 
OF  OXYGEN  CONCENTRATION  AND  FLOW.  MAINTENANCE  PLANNING  WAS  FOR  A  2000  HRS  INTERVAL  TO 
REPLACE  THE  VALVE,  MOTOR,  AND  THE  FILTER  ELEMENTS,  CLEANING,  TESTING  AND  REPLACING  THE 
MODULES  WOULD  BE  PERFORMED  WHEN  NECESSARY,  SINCE  THERE  WAS  LIMITED  OPERATION  TEST  AND 
EVALUATION  DATA  ON  AN  0B0GS  ON  AN  AIRCRAFT,  THE  MAINTENANCE  AND  RELIABILITY  INFORMATION 
OF  THE  CONCEPT  IS  PRELIMINARY  IN  NATURE.  THE  MOLECULAR  SIEVE  MATERIAL  SHOULD  BE  EFFECTIVE 
INDEFINITELY,  DEPENDING  UPON  THE  QUALITY  OF  THE  INPUT  COMPRESSED  BLEED  AIR  AND  THE  FILTERS. 
The  INPUT  AIR  MUST  BE  DRY  AND  FREE  OF  PARTICULATES  AND  GASEOUS  CONTAMINANTS, 

The  bleed  AIR  FROM  an  AIRCRAFT  ENGINE  is  COMPRESSED,  COOLED  AND  then  REDUCED  IN  PRESSURE 
SO  THAT  THE  AIR  AVAILABLE  IS  DRY  AND  COOL  AND  REQUIRES  NO  REAL  CONDITIONING  WHEN  PROVIDED 
TO  THE  MOLECULAR  SIEVE  BEDS.  HOWEVER,  THE  UNITS  AS  DESIGNED  DO  HAVE  FILTERS  AND  DRYING 
AGENTS. 


Cost  and  estimates  comparisons  of  on-board  oxygen  generation  concepts  have  all  been  based 

UPON  THE  COST  OF  THE  LIQUID  OXYGEN  SYSTEM  IN  AIRCRAFT  AND  THE  GROUND  SUPPORT  EQUIPMENT 
REQUIRED  TO  GENERATE  AND  DISTRIBUTE  LIQUID  OXYGEN  AND  SERVICE  AIRCRAFT,  T HE  INITIAL  COSTS 
OF  L0X  SYSTEMS  WAS  BASED  ON  A  1967  REPORT  WHICH  WAS  ACCOMPLISHED  IN  EVALUATING  AN  ELECTRO¬ 
CHEMICAL  CONCEPT  FOR  ON-BOARD  OXYGEN  GENERATI ON . (5)  T HE  FIGURES  HAVE  BEEN  QUOTED  BY  CON¬ 
TRACTORS  AND  DOD  PROJECT  ENGINEERS  IN  COMPARING  THE  CONCEPTS  AND  DERIVING  COST  ESTIMATES 
OF  CURRENT  SYSTEMS,  THESE  NEED  TO  BE  ADJUSTED  AND  UPDATED  FOR  INFLATION  AND  INCREASES  IN 
COSTS  OF  FUEL  AND  OF  MATERIALS. 
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For  a  more  recent  comparative  basis,  using  300  units  as  a  basis  for  comparisons,  the 

MOLECULAR  SIEVE  CONCEPT  SHOULD  PROVIDE  A  COST  SAVINGS  OF  APPROXIMATELY  3  TO  1 ,  The  LOX 
generators  were  not  included  in  the  COSTING  COMPARISONS.  Some  items  in  the  comparisons 
ARE  PRESENTED  IN  FIGURE  7, 


lIRCRAFT  - 
.QUIPMENT 

LOX  $  450,000 

iuppoRT  Equipment 
,0X  Purchased 

.ABOR 

8,808,000 

Iepot  Repair  Units 

L%i 

Iupport  Equipment 

0B0GS 


$1,860,000 

6,000 


Totals 


$11,832,000 


l,'l60,0( 


3,702,000 


The  savings  based  on  these  figures  were  $8,130,000.  Fuel  costs  in  LOX  generation,  trans¬ 
portation  AND  HANDLING  ARE  A  SIGNIFICANT  FACTOR.  LABOR  COSTS  ARE  ALSO  SIGNIFICANT.  ThES 
FIGURES  REQUIRE  CONTINUED  ADJUSTING  FOR  THE  RISE  IN  FUEL  COSTS. 


LAR  SIEVE  0B06S  UNITS  WERE  BASED  ON  R&D  UNITS.  FROM  THE 
UNIT  COST  WAS  ESTIMATED  AT  $3,200  EACH  FOR  300  UNITS. 


The  cost  estimates  of  the  molecular  sieve  0B06S  units  were  based  on  R&D  units.  From  the 
SYSTEM  COST  FIGURES,  AN  MS  0B0GS  UNIT  COST  WAS  ESTIMATED  AT  $3,200  EACH  FOR  300  UNITS. 

The  R&D  units  were  estimated  at  $15,000  each  in  the  1978-1979  time  frame,  When  the  unit 

COST  IS  EXAMINED,  THE  HIGHEST  COST  ITEM  COMPONENT  IS  THE  MOTORIZED  VALVE.  The  MOLECULAR 
SIEVE  MATERIAL  (APPROXIMATELY  22  LBS)  CAN  BE  READILY  OBTAINED  COMMERCIALLY  AND  IS  NOT  A 
HIGH  COST  ITEM.  The  CANISTERS,  PIPING,  CHECK  VALVES  AND  ORIFICES  ARE  NOT  HIGH  COST  ITEMS. 
The  AIRCRAFT  MODIFICATION  to  provide  the  engine  bleed  air,  the  FILTER  UNITS,  the  DC  POWER, 
the  OXYGEN  MONITOR  CAPABILITY,  THE  VENTING  OF  THE  UNITS  ARE  ADDITIONAL  AND  SIGNIFICANT 
COSTS  ASSOCIATED  WITH  OPERATIONAL  DEPLOYMENT. (6)  The  OPERATIONAL  TEST  AND  EVALUATION  IS 
NOW  BEING  CONDUCTED  BY  THE  NAVY  ON  THE  AV-8A.  THE  AlR  FORCE  HAS  NOT  ACTIVELY  SUPPORTED 
THE  MOLECULAR  SIEVE  0B0GS  WITH  MONEY  OR  AIRCRAFT.  The  ARMY  HAS  EVALUATED  ON-BOARD  OXYGEN 
GENERATION  UNITS  ON  THE  0V~1  AND  RU-21  AND  HAS  FOUND  FAVORABLE  RESULTS.  The  PROPOSALS 
FOR  RETROFITTING  AF  AIRCRAFT  HAVE  NOT  FOUND  ADEQUATE  SUPPORT  FOR  0T&E.  The  TRAINERS  HAVE 
BEEN  PROPOSED  AS  LIKELY  CANDIDATES. 

The  MOLECULAR  SIEVE  0B0GS  UNIT  WAS  DESIGNED  TO  BE  INSTALLED  IN  THE  AIRCRAFT  IN  THE  LIQUID 
OXYGEN  CONVERTER  COMPARTMENT.  ThE  0B0GS  UNIT  REQUIRES  A  BLEED  AIR  FEED  FROM  THE  8TH  STAGE 
BLEED  AIR  TAP  WHICH  IS  THE  ECS  AIR  SUPPLY.  THIS  AIR  IS  COOLED  AND  DRIED  IN  AN  AIR  CYCLE 
MACHINE  TO  PROVIDE  THE  INPUT  AIR  TO  THE  0B0GS .  THIS  INPUT  AIR  MUST  BE  AT  LEAST  10  PSIG, 

WITH  30  PSIG  AS  THE  DESIGN  PRESSURE.  THE  MASS  FLOW  MUST  BE  69  LBS/HR.  The  OUTPUT  OR 
PRODUCT  GAS  FROM  ONE  0B0GS  PROTOTYPE  WAS  2  TO  2,4  LBS/HR  OF  957,  OXYGEN.  THIS  OUTPUT  OR 
PRODUCT  GAS  IS  PIPED  UNDER  PRESSURE  TO  A  4-LITER  PLENUM  AND  THEN  DIRECTLY  THROUGH  A  LOW 
PRESSURE  REGULATOR  TO  THE  MASK.  An  OXYGEN  CONCENTRATION  MONITOR  MUST  BE  IN  THE  PRODUCT  GAS 
LINE  TO  VERIFY  THE  OXYGEN  CONTENT,  THUS  MONITORING  THE  0B0GS  OPERATIONAL  EFFECTIVENESS. 

The  output  or  product  gas  is  957  oxygen;  the  remainder  is  argon  at  57  concentration,  a 

CONTAMINANT  VERY  SIMILAR  TO  NITROGEN  WITH  RESPECT  TO  THE  PHYSIOLOGICAL  ASPECTS  OF  A 
BREATHABLE  GAS  MIXTURE. 

The  pilot  OR  CREWMAN  will  see  a  CONTINUOUS  FLOW  OF  oxygen  enriched  product  mixture  plus 
ARGON  AT  A  PRESSURE  DEPENDENT  UPON  THE  INLET  PRESSURE.  FROM  USAF  SCHOOL  OF  AEROSPACE 

Medicine  data  at  cabin  altitudes  above  9.1  km  (30, 0QQ  ft),  the  oxygen  concentration  remained 


Medicine  data  at  cabin 
IN  THE  RANGE  OF  94-95% 


ALTITUDES  ABOVE  9.1  KM  (30, C 
AT  ALL  FLOWS  UP  TO  78,6  LPM , 


Generally  at  altitude,  at  the  lower  input  pressure  and  at  higher  product  gas  flows,  the 

OXYGEN  CONCENTRATION  WAS  LOWER.  At  THE  HIGH  INPUT  GAS  PRESSURES  AND  AT  THE  HIGH  AIRCRAFT 
ALTITUDES  (CABIN  ALTITUDES),  A  HIGH  PERCENT  OXYGEN  OCCURS  IN  THE  LOW  FLOWS  OF  PRODUCT  GAS. 
W^|N  J|HE  CABIN  ALTITUDE  APPROACHES  THE  EXHAUST  ALTITUDE,  THE  PERCENT  OXYGEN  APPROACHES 


Table  I  from  human  compatibility  testing  at  School  of  Aerospace  Medicine  gave  the  following 

ATTAINABLE  PRODUCT  GAS  FLOW  RATES.  (7)  (GRAPH  8)  LOW  PRESSURE  OF  SUPPLY  AIR  RESULTED  IN 
LOW  PRODUCT  GAS  FLOW  RATE;  WITH  HIGHER  INPUT  AIR  PRESSURES  AT  ALTITUDE,  HIGHER  PRODUCT  GAS 
FLOWS  WERE  OBTAINED, 


Testing  at  the  School  of  Aviation  Medicine  indicated  that  their  prototype  unit  provided 

ADEQUATE  OXYGEN  UNDER  ALL  SIMULATED  ANTICIPATED  FLIGHT  CONDITIONS  UP  TO  AN  ALTITUDE  OF 
28,00n  FT  AND  WITH  IMPROVED  PRESSURE  DEMAND  REGULATION  WILL  PROVIDE  ADEQUATE  AND  SAFE  OXYGEN 
PRESSURE  FOR  PROTECTION  UP  TO  44,000  FT.  (8) 

Most  recently,  flight  testing  of  the  mS  0B0GS  units  was  initiated  at  the  Naval  Air  Test 
Center,  Patuxent  River,  MD  on  the  AV-8A  Harrier.  THe  flight  testing  for  technical 


Center,  Patuxent  River,  MD  on  the  AV-8A  Harrier,  i Hf_  flight  tes 

EVALUATION  IN  EARLY  1980  I S  TO  BE  FOLLOWED  BY  OPERATIONAL  f VALUA 


Upon  completion  of  the  Fecheva 


UNITS  FOR  THE 


mn 


SCHEDULED  in  late 
ARRIER  WILL  BE 


ELIGIBLE  FOR  APPROVAL  FOR  SERVICE  USE,  MJU.  W 

The  Navy  effort  has  involved  the  Naval  Air  Test  Center,  Naval  Missile  Test  Center,  and 
Naval  Aerospace  Medical  Research  Institute, 
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Bendix,  one  of  the  contractors  for  the  mS  QBOGS  has  compiled  some  20,000  hours  of 

LABORATORY  TESTING,  THERE  HAS  BEEN  SOME  75  HOURS  OF  SUCCESSFUL  FLIGHT  TEST  ON  US  ARMY 

QV-1  and  RU-21  Beech  King  Aire  aircraft  and  33  hours  on  thf.  EA-6B  Prowler  Navy  aircraft, 
The  Navy  program  was  presented  with  the  following  guidelines,  dates  and  milestones: 

Manrating  was  completed  -  1977,  at  USAFSAM 

Preliminary  flight  est  in  EA-6B  Prowler  was  completed  in  1979 

Technical  Evaluation  was  planned  for  1979/1980 

Harrier  AV-8A  Retrofit  was  planned  in  the  time  frame  1981-1982 

All  carrier  L0X  was  planned  to  be  eliminated. 

The  problems  associated  with  the  MS  0B0GS  pertain  to  the  loss  of  oxygen  production  when 
the  inlet  air  pressure  is  reduced  and  the  mass  flow  is  inadequate.  When  the  engine  bleed 
air  production  drops  due  to  engine  idle,  engine  aircraft  letdown  or  engine  failure,  the 
0B0GS  product  gas  flow  is  reduced  and  a  backup  source  of  oxygen  is  required,  This  is  an 

EMERGENCY  SITUATION  AND  REQUIRES  AN  OXYGEN  RESERVE  BACKUP,  WHICH  IS  A  DESIGN  REQUIREMENT 
OF  THE  MOLECULAR  SIEVE  OXYGEN  GENERATION  SYSTEM. 

The  CONTAMINATION  OF  THF.  MOLECULAR  SIEVE  WITH  WATER  REDUCES  ITS  OXYGEN  SEPARATION  CAP¬ 
ABILITY  SOMEWHAT.  THE  ENGINE  BLEED  AIR  SUPPLIED  TO  THE  0B06S  MUST  HAVE  NOT  MORE  THAN 
22  GRAINS  OF  WATER  PER  LB  OF  DRY  AIR.  The  OTHER  MAJOR  CONTAMINANTS  IN  BLEED  AIR  SUCH 
AS  CARBON  DIOXIDE,  CARBON  MONOXIDE,  ALCOHOL,  FUEL,  AND  HYDROCARBON  BREAKDOWN  PRODUCTS 
MUST  BE  AT  LOW  CONCENTRATIONS  TO  AVOID  CARRY  OVER  INTO  THE  PRODUCT  OXYGEN. 
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FIGURE  L  -  CHEMICAL  OXYGEN  GENERATOR 
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FIGURE  7  -  COST  COMPARISONS  OF 
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MOLECULAR  SIEVE  OXYGEN  GENERATION  SYSTEM: 
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The  molecular  sieve  method  of  generating  oxygen  enriched  air  for  onboard  aircraft 
is  currently  being  actively  pursued,  not  only  by  the  United  States  but  other  countries 
as  well.  Thus  far  laboratories  have  been  the  prime  place  for  evaluation  of  the  molec¬ 
ular  sieve  system  and,  during  this  evaluation,  have  been  provided  with  essentially  clean 
air.  In  aircraft,  however,  the  molecular  sieve  system  will  be  supplied  with  engine 
bleed  air  which  may  not  always  be  totally  free  of  contaminants.  Recent  laboratory 
studies  conducted  at  the  USAF  School  of  Aerospace  Medicine  suggest  that  the  molecular 
sieve  system  is  an  effective  filter  for  many  contaminants,  including  water,  as  noted  by 
the  lack  of  impairment  of  performance. 


INTRODUCTION 

The  concept  of  inflight  generation  of  breathing  gas  is  attractive  for  military  air¬ 
craft  from  the  standpoint  of  logistics;  safety,  and  cost.  The  molecular  sieve  method  of 
generating  an  oxygen  enriched  air  breathing  gas  for  application  in  training  and  tactical 
aircraft  is  being  actively  pursued  not  only  by  the  armed  forces  of  the  United  States  but 
by  other  countries  as  well.  Molecular  sieve  oxygen  generating  systems  have  received 
extensive  laboratory  evaluation  (1,  2,  3,  and  4)  and  currently  are  being  flight-tested 
both  by  the  U.S.  Navy  and  U.S.  Army.  Evaluation  and  physiological  assessment  of  the 
molecular  sieve  system  in  the  laboratory  have  been  generally  conducted  with  clean  com¬ 
pressed  air.  In  aircraft,  however,  the  molecular  sieve  generator  is  supplied  with 
engine  bleed  air  which  may  not  always  be  totally  free  of  contaminants.  Laboratory 
studies  conducted  at  the  USAF  School  of  Aerospace  Medicine  have  demonstrated  that  low 
molecular  weight  compounds  pass  through  a  molecular  sieve  bed  into  the  breathing  gas. 

The  concentrations  of  the  contaminants  appearing  in  the  output  breathing  gas  are,  how¬ 
ever,  much  lower  than  that  in  the  supply  air  and  have  been  shown  to  be  directly  related 
to  the  output  demand  flow  of  the  oxygen  generator. 

METHODS  AND  MATERIALS 

The  Molecular  Sieve  System — The  molecular  sieve  oxygen  generator  system  (Fig.  1) 
used  in  this  investigation  was  manufactured  by  the  Bendix  Corporation,  Instrument  and 
Life  Support  Division,  Davenport,  Iowa.  This  system  is  similar  to  the  system  being 
tested  by  the  U.S.  Navy  in  the  AV  8-A  "Harrier."  A  schematic  of  the  Bendix  "Harrier 
Unit"  is  shown  in  Fig.  2. 

The  system  utilizes  a  pressure  swing  adsorption  process  (PSA)  with  two  beds  and  a 
gaseous  back  purge  for  bed  regeneration.  Bleed  air  is  alternatively  admitted  to  the 
molecular  sieve  beds  through  a  filter,  pressure  regulator,  and  rotating  inlet  valve 
(6  rpm).  As  the  pressure  front  propagates  through  the  bed,  the  air  is  separated  into 
several  constituents,  including  oxygen/argon.  A  portion  of  the  oxygen/argon-rich  prod¬ 
uct  passes  through  a  check  valve  and  into  a  1  liter  plenum  prior  to  delivery  to  a  demand 
regulator,  while  the  remainder  of  the  oxygen/argon-rich  product  and  nitrogen  are  utilized 
to  purge  the  molecular  sieve  beds. 

Molecular  Sieve  Sorbent  —  Chemically,  molecular  sieves  are  crystalline  aluminosili¬ 
cate  compounds  called  zeolites  with  the  general  formula  MNzO-AljO-nSiOz-mHjO,  where  M  is 
calcium  strontium,  or  barium,  and  N  is  sodium  or  potassium  (5).  The  ability  of  the 
molecular  sieve  to  separate  gas  mixtures  into  components  is  based  primarily  on  the  porous 
structure  of  the  zeolite  crystal.  The  highly  uniform  pores,  with  dimensions  in  the 
molecular  range,  are  formed  by  heating  the  fresh  zeolite  which  loses  its  water  of  hydra¬ 
tion  and  undergoes  lattice  shrinkage.  Pore  size  can  be  changed  by  varying  the  concentra¬ 
tion  of  the  alkali  metals  in  the  crystal.  Gas  mixtures  can  be  separated  into  identifi¬ 
able  constituents  on  molecular  sieve  on  the  basis  of  physical  dimensions  (molecular  diam¬ 
eters).  Polar  molecules  are  retained  on  the  molecular  sieve  by  Van  Der  Waal's  forces 
rather  than  chemical  bonding.  Thus,  the  process  can  be  reversed  by  fairly  mild  changes 
in  temperature  or  pressure. 

Experimental  Setup — The  experimental  setup  shown  schematically  in  Fig.  3  was  assem¬ 
bled  to  evaluate  the  molecular  sieve  performance  when  challenged  by  contaminants.  The 
unique  characteristic  of  this  system  is  its  ability  to  generate  contaminants  from  a  liq¬ 
uid  source  for  hours  at  a  time  at  pressures  greater  than  ambient.  This  capability  is 
made  possible  through  the  use  of  VycorK  7930  porous  glass  tubes.  The  Vycor  glass  tube 
acts  as  an  evaporation  tube  whose  pores  have  a  diameter  in  the  order  of  40  angstroms. 

The  pore  size  of  40  angstroms  makes  it  possible  to  have  the  liquid  contaminant  on  one 
side  of  the  glass  tube  at  ambient  pressure  while  on  the  other  side  pressures  up  to  175 
atmospheres  can  be  applied  without  forcing  the  liquid  contaminant  out  of  the  pores. 

Thus,  such  a  system  provides  an  excellent  means  of  contaminating  air  at  high  flows  for  an 
unlimited  time.  In  addition,  the  steel  plen\^m  which  has  a  volume  of  approximately  300 
liters  can  be  heated  to  a  temperature  of  llS^C.  Gaseous  contaminants;  e.g.,  methane, 
ethane,  were  fed  directly  to  the  steel  plenum  from  a  pressurized  source  through  a 


regulator  and  rotameter  in  order  to  maintain  a  constant  flow.  It  was  possible  to,  there 
fore,  generate  a  contaminant  in  air  in  the  ppm  range  (10-1000  ppm)  at  flows  of  300 
liters /min  and  at  temperatures  up  to  125  C.  This  contaminated  air  was  then  fed  directly 
into  a  molecular  sieve  oxygen  generating  system  for  system  evaluation. 

Figure  1 

The  Bendix  Harrier  Molecular  Sieve  Oxygen  Generating  System 
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F igure  2 

Schematic  of  the  Molecular  Sieve  Oxygen  Generating  System 
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Figure  3.  High  Volume  Contaminant  Generating  System 
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The  analysis  of  the  contaminant  level  in  air  being  fed  to  the  molecular  sieve  unit 
and  the  contaminant  level  in  the  product  gas  and  exhaust  gas  were  measured  with  a  Beckman 
Model  402  total  hydrocarbon  flame  ionization  analyzer. 

Samples  of  gases  taken  for  analysis  included  the  inlet  gas  to  the  molecular  sieve 
unit,  the  molecular  sieve  purge  gas,  and  the  molecular  sieve  product  gas.  In  order  to 
determine  the  total  amount  of  contaminant  at  the  inlet  exhaust  and  product  of  the  molec¬ 
ular  sieve  system,  accurate  flow  measurements  were  made.  Flow  was  measured  by  either  dry 
gas  meters  or  rotameters. 

The  ingestion  of  water  into  the  molecular  sieve  was  included  in  this  study,  not  only 
from  the  point  of  view  as  a  breakdown  product  of  aircraft  fuels/lubricants,  but  also  from 
the  intake  of  water  when  flying  through  a  rainstorm,  or  engine  washing  as  is  the  case 
with  AV-8A.  Water  was  introduced  into  the  molecular  sieve  inlet  air  by  the  use  of  a 
pneumatically  operated  50  cc  syringe. 

EXPERIMENTAL  PROTOCOL 

The  objective  of  this  test  program  was  to  determine  composition  of  the  product  gas 
delivered  by  the  molecular  sieve  system  as  a  function  of  contaminants,  contaminant  con¬ 
centration,  inlet  temperature,  and  flow  at  a  constant  inlet  pressure.  Composition  (O2 
and  contaminant)  of  the  product  gas  was  measured  at  each  flow  as  was  that  of  the  purge 
gas  and  the  inlet  gas. 

Contaminants  selected  thus  far  for  this  program  include  methane,  ethane,  hexane, 
methanol,  methylethylketone ,  and  water.  These  contaminants  were  selected  primarily  on 
the  basis  of  a  previous  USAF  report  by  K.  L.  Paciorek,  et  al.  (6).  Thir  effort  charac¬ 
terized  breakdown  (4S0°C)  products  of  turbine  lubricating  oils,  hydraulic  fluids,  and 
heat-transfer  fluids  (Table  1). 

TABLE  1.  SOME  VOLATILE  PRODUCTS  FORMED  BY  AIRCRAFT  FLUIDS 
ON  EXPOSURE  TO  STEEL  SURFACE  AT  450  C 


LUBRICATING  OILS 
TURBO  BRAYCO 

OIL  2389  880X 

( mg  /  g ) _ (mg/g) 


HYDRAULIC  FLUID 
BRAYCO 
756E 

_ (mg/g) 


CO 

8.6 

8.5 

4.4 

H20 

49.3 

67.6 

40.4 

C02 

26.8 

25.5 

12  .  8 

CHU 

0.10 

0.09 

n .  07 

C2-SPECIES 

6.  15 

6.82 

1.14 

Cg-SPECIES 

5.53 

3.  35 

0.789 

Cg-SPECIES 

3.13 

8.37 

1.43 

PROPIONALDEHYDE 

2.  13 

2.27 

0.058 

METHYLETHYLKETONE 

2.29 

1.51 

1.19 

METHANOL 

1.19 

3.76 

0.942 

The  effect  of  high  ambient  temperature  on  the  molecular  sieve  unit  was  also  under¬ 
taken  in  this  study,  in  order  to  more  clearly  define  the  optimum  temperature  range  of  the 
molecular  sieve  beds  to  maintain  effective  air  separation. 
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a  variety  of  contaminants.  In  addition,  the  contribution  of  contaminants  from  the 
engine  itself;  i.e.,  turbine  engine  oil,  may  result  in  decreased  efficiency  of  the  sys¬ 
tem.  Thus  far,  only  a  very  few  contaminants  have  been  studied. 

TABLE  V.  CHALLENGE  -  METHYLETHYLKETONE  (MEK) 

Inlet  Pressure  28  psig  Temperature  OBOGS  28°C 

FLOWS  MEASURED  AT  ATP 


INLET  CONTAMINANT 


PRODUCT  GAS 


EXHAUST  GAS 


(EK 

ppm  (mg/min) 

FLOW  1pm 

%  0, 

MEK  ppm 

FLOW  1pm 

MEK 

(mg/min 

0 

10 

92.1 

0 

268 

0 

81 

(65.5) 

10 

92.3 

0 

269 

73 

(56.9) 

79 

(64.1) 

30 

56.8 

0 

260 

77 

(58.0) 

80 

(75.4) 

70 

37.8 

0 

255 

82 

(60.6) 

TABLE  VI. 

CHALLENGE 

-  HEXANE 

Inlet  Pressure  28  psig 

Temperature  OBOGS 

22°C 

FLOWS  MEASURED  AT  ATP 


INLET 

HEXANE 

CONTAMINANT 
ppm  (mg/min) 

FLOW  1pm 

PRODUCT  GAS 
%  0„  HEXANE 

ppm 

(mg/min) 

FLOW  1pm 

EXHAUST  GAS 
HEXANE  ppm 

(mg/min) 

0 

10 

91.5 

0 

268 

0 

61 

(58.7) 

10 

91.7 

<1 

268 

44 

(45.3) 

60 

(61.6) 

30 

54 

4. 

5 

(0.5) 

262 

47 

(43.3) 

56 

(60.4) 

70 

38.2 

13 

(3.2) 

252 

48 

(43.6) 

188 

(176) 

10 

91.  4 

2 

(0.07) 

257 

170 

(151) 

190 

(191) 

30 

52 

22 

(2.3) 

259 

165 

(149) 

186 

(210) 

70 

37.6 

41 

(10.0) 

257 

178 

(160) 

The  result  of  the  ingestion  of  water  into  the  system  (Table  VII)  indicates  that  the 
product  gas  oxygen  concentration  and  dew  point  were  not  changed  when  up  to  600  ml  water 
were  introduced  over  a  30  min  period.  Most  importantly,  the  coalescent  filter  trapped 
and  eliminated  most  of  the  water  (62%),  through  the  fixed  orifice,  before  the  water 
could  enter  the  molecular  sieve  beds.  That  water  which  entered  the  beds  was  eliminated 
from  the  beds  by  the  purge,  depressurization  cycle.  This  was  particularly  evident  by 
the  visible  water  vapor/droplets  in  the  exhaust  gas.  The  ingestion  of  the  600  ml  of 
water  by  the  system  did  not  alter  bed  efficiency  or  performance  indicating  that  the 
water  did  not  migrate  down  the  beds  any  appreciable  distance. 


TABLE  VII.  CHALLENGE  -  WATER 
Inlet  Pressure  28  psig  Temperature  OBOGS  30°C 
FLOWS  MEASURED  AT  ATP 


INLET  CONTAMINANT 
WATER  ml  (ml/min) 

FLOW 

PRODUCT 
1pm  %  0, 

GAS 

DEW 

POINT  (°C) 

COALESCENT  FILTER 
WATER  COLLECTED 

0 

10 

92.3 

-28 

0 

0 

70 

35.6 

-28 

0 

300 

(10) 

10 

92.5* 

-27 

178  ml 

300 

(10) 

70 

35.6* 

-28 

190  ml 

600 

(20) 

10 

92.6* 

-27 

389  ml 

*  After  water  challenge 


This  study  concerning  the  effects  of  some  contaminants  on  the  Bendix  molecular  sieve 
oxygen  generating  system  can  be  summarized  by  the  following: 

(1)  Filtering  effectiveness  is  a  complex  matter  making  it  difficult  to  gen¬ 
eralize  . 

(2)  Further  work  is  required  to  define  the  filtering  effects  of  molecular 
sieve;  e.g.,  water,  oil  aerosols,  and  organo  phosphates. 

(3)  This  limited  study  suggests  that  the  molecular  sieve  is  an  effective 
filter  for  many  contaminants,  including  water  as  noted  by  the  lack  of  impairment  of  per¬ 
formance  (oxygen  separation). 

(4)  Temperature  of  the  inlet  air  to  the  molecular  sieve  unit  should  lie 
between  0°C  and  70°C. 


Additional  studies  are  slated  to  determine  what  level  of  water  ingestion  of  the  molec¬ 
ular  sieve  beds  is  necessary  to  affect  the  product  gas/bed  performance. 
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The  effect  of  increased  temperature  of  the  input  air  on  the  molecular  sieve  product 
gas  is  depicted  in  Figs.  4,  5,  and  6  as  a  function  of  minute  volume.  At  10  1pm  volume, 
the  oxygen  concentration  drops  only  slightly  when  the  temperature  is  increased  (0.5°C/ 
min)  from  ambient  to  approximately  7Q°C.  As  the  temperature  of  the  inlet  air  is 
increased  from  70°C  tc.  120°C,  a  dramatic  decrease  in  the  oxygen  concentration  is 
observed.  As  the  heat  is  removed,  a  hysteresis  effect  is  noted  which  almost  certainly 
is  due  to  the  large  heat  sink  represented  by  the  molecular  sieve  and  associated  mate¬ 
rials.  This  same  effect  also  nolds  true  when  the  minute  volume  is  increased  to  30  1pm 
(Fig.  E).  However,  at  a  minute  volume  of  70  1pm  (Fig.  6),  the  change  in  the  oxygen  con¬ 
centration  is  not  as  great,  primarily  due  to  the  lower  initial  concentration  of  oxygen  in 
the  product  gas. 
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RESULTS  AND  DISCUSSION 

Challenging  the  molecular  sieve  unit  with  low  molecular  weight  contaminants;  i.e., 
methane  and  ethane  has  resulted  in  these  compounds  breaking  through  the  beds  and  appear¬ 
ing  in  the  product  gas  (Tables  II  and  III).  The  concentrations  of  the  contaminants 
appearing  in  the  product  gas  are,  however,  much  lower  than  that  in  the  inlet  supply,  and 
the  concentrations  are  related  to  the  minute  volume. 


INLET 

METHANE 

CONTAMINANT 
ppm  (mg /min) 

TABLE  II.  CHALLENGE  -  METHANE 
Inlet  Pressure  28  psig  Temperature 

FLOWS  MEASURED  AT  ATP 

PRODUCT  GAS 

FLOW  1pm  %  0,.  METHANE  ppm  (mg/min) 

OBOGS  28° 

FLOW  1pm 

'C 

EXHAUST  GAS 
METHANE  ppm 

(mg/min) 

0 

10 

81.6 

0 

248 

0 

131 

(21.9) 

10 

81.4 

0 

246 

134 

(21.6) 

141 

(24.5) 

30 

48.5 

1 

(0.02) 

236 

167 

(25.7) 

150 

(26.9) 

70 

33.1 

45 

(1.3) 

205 

184 

(24.7) 

TABLE  III 

.  CHALLENGE  -  ETHANE 

Inlet  Pressure 

28  psig  Temperature 

OBOGS  23° 

'C 

FLOWS  MEASURED 

AT  ATP 

INLET 

CONTAMINANT 

PRODUCT  GAS 

EXHAUST  GAS 

ETHANE 

ppm  (mg/min) 

FLOW  1pm 

%  0„ 

ETHANE  ppm 

(mg/min) 

FLOW  1pm 

ETHANE  ppm 

(mg/min) 

0 

10 

91.8 

0 

270 

0 

85 

(19.3) 

10 

91.4 

0 

269 

92 

(20.1) 

85 

(20.1) 

30 

52.3 

0 

260 

103 

(21.9) 

85 

(22.0) 

70 

3  S .  9 

20 

(1.08) 

250 

105 

(22.2) 

It  is  interesting  to  note,  when  measuring  (ppmv)  concentration  of  the  low  molecular 
weight  compounds  in  the  product  gas  and  exhaust  gas  and  comparing  this  value  to  the  inlet 
concentration,  that  the  molecular  sieve  unit  appears  to  be  generating  contaminants.  This 
erroneous  conclusion  can  be  quickly  allayed  by  conducting  a  mass  balance  considering  the 
rate  of  introduction  of  contaminant  into  the  air  supply  and  the  amount  of  contaminant  in 
the  product  and  exhaust  gases  per  unit  time.  A  mas;?  balance  is  noted  when  product  gas 
and  exhaust  gas  contaminants  are  summed  and  compared  to  the  amount  of  contaminant  intro¬ 
duced  to  the  system.  In  addition,  this  mass  balance  indicates  that  the  low  molecular 
weight  compounds  are  weakly  adsorbed  on  the  molecular  sieve  allowing  a  small  portion  of 
the  contaminant  to  break  through  the  bed  to  the  product  gas  while  the  remainder  of  the 
contaminant  is  purged  from  the  bed  and  appears  in  the  exhaust  gas.  As  the  flow  of  prod¬ 
uct  gas  is  increased,  contaminant  concentrations  are  also  increased.  This  is  primarily 
due  to  the  decrease  in  the  amount  of  gas  available  for  purging  the  beds. 

Polar  molecules  such  as  methanol  and  methylethylketone  do  not  break  through  the 
molecular  sieve  beds  at  these  concentrations  (Tables  IV  and  V).  The  data  indicates  that 
the  adsorptive  forces  (Van  der  Waal's)  of  these  compounds  are  much  stronger  than  those  of 
the  low  molecular  weight  compounds,  but  still  weak  enough  so  that  the  process  can  be 
reversed  by  the  reduction  of  the  partial  pressure  of  the  contaminants  which  occurs  when 
the  bed  is  vented  to  exhaust  and  purged.  Mass  balance  shows  that  a  small  portion  of  the 
contaminant  is  retained  by  the  molecular  sieve.  The  contaminant  retained  on  the  bed 
rapidly  fell  to  zero  when  the  contaminant  was  removed  from  the  inlet  air. 

TABLE  IV.  CHALLENGE  -  METHANE 
Inlet  Pressure  28  psig  Temperature  OBOGS  22°C 

FLOWS  MEASURED  AT  ATP 


INLET  CONTAMINANT  PRODUCT  GAS  EXHAUST  GAS 


METHANOL 

ppm  (mg/min) 

FLOW  1pm 

%  0„ 

METHANOL  ppm 

FLOW  1pm 

METHANOL  ppm 

(mg/min 

0 

10 

91.6 

0 

271 

0 

138 

(50.1) 

10 

91.6 

0 

267 

135 

(47) 

137. 

7  (51.2) 

30 

57.5 

0 

254 

146 

(46.4) 

133 

(54.3) 

70 

36.2 

0 

242 

154 

(48.5) 

There  are  also  compounds  that  are  neither  weakly  nor  strongly  adsorbed  on  the  molec¬ 
ular  sieve.  Hexane  (e.g.,  as  illustrated  in  Table  VI)  breaks  through  the  molecular  sieve 
beds  much  like  the  low  molecular  weight  compounds;  however,  there  is  no  mass  balance 
which  is  similar  to  the  adsorption  of  more  polar  compounds. 

Additional  organic  contaminant  studies  are  required  to  fully  define  and  understand 
the  molecular  sieve  system.  Since  this  system  utilizes  engine  bleed  air,  the  source  of 
the  air  and  its  quality  become  important,  particularly  when  the  source  of  air  contains 
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Figure  6 

CHALLENGE  -  HEAT 

INLET  PRESSURE  28  psig  MINUTE  VOLUME  70  lpm 

ATP 


CONCLUSION 

Results  of  this  evaluation  indicate  that  the  molecular  sieve  system  can  adequately 
filter  contaminants  or  in  the  case  of  low  molecular  weight  compounds;  i.e. ,  methane  and 
ethane,  reduce  the  contaminant  concentration  in  the  product  gas  to  what  can  be  con¬ 
sidered  an  acceptable  level.  The  higher  molecular  weight  compounds  and  polar  compounds 
are  not  expected  to  break  through  the  molecular  sieve  beds  barring  some  gross  contamina¬ 
tion  over  an  extended  period  of  time,  although  certain  compounds  may  break  through; 

i.e.,  hexane. 

The  temperature  of  the  inlet  air  is  a  critical  factor  influencing  the  performance 
of  a  molecular  sieve.  As  noted  by  Miller,  et  al.  (1),  the  oxygen  concentration  in  the 
product  gas  was  greatly  decreased  as  the  inlet  temperature  and  the  molecular  sieve  unit 
were  lowered  from  about  -20°C  to  -54°C. 

Present  studies,  which  considered  higher  air  inlet  temperatures  to  the  molecular 
sieve  system,  also  noted  a  decrease  in  the  product  gas  oxygen  concentration  as  tempera¬ 
tures  were  increased  above  70°C.  Therefore,  for  the  system  to  maintain  effective  air 
separation,  the  molecular  sjeve  beds  and  inlet  bleed  air  must  be  maintained  in  the  tem¬ 
perature  range  of  0°C  to  70°C. 
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ABSTRACT 


An  advanced  air  analyser  is  described  that  is  capable  of  detecting  a  vide  range  of  pollutants  in 
ambient  air  at  concentrations  of  well  below  1  part-per-billion.  The  system  employs  a  combination  of 
photoionization  detection  with  gas  chromatography  using  air  as  the  carrier  gas*  it  is  fully  field 
portable  and  accepts  a  directly  introduced  sample  of  air  without  any  need  for  time-consuming  pre¬ 
concentration  procedures. 

Applications  for  the  instrument,  the  commercial  embodiment  of  which  is  now  being  marketed  under 
the  trade  name  Airscan,  include  the  monitoring  of  all  manner  of  environments  including  those  within 
aircraft  and  spacecraft  as  well  as  external  environments  which  may  be  contaminated  during  fuelling 
operations  or  by  accidental  emissions  from  specialized  ordinance.  Hydrazine  is  of  particular  current 
relevance. 

Further  applications  include  the  monitoring  of  human  exhaled  breath  in  cases  where  there  has  been 
an  unquantified  exposure  to  toxic  compounds.  Up  to  now  such  exposures  have  been  traditionally 
difficult  to  monitor  at  low  levels;  however  the  extreme  sensitivity  of  the  Airscan  system  has  made  it 
possible  to  detect  breath  metabolites  in  extremely  small  concentrations. 

Also  described  is  a  unique  field  portable  data  analysis  system  which  has  been  developed  to  the 
prototype  stage  as  a  companion  unit  for  Airscan.  The  objective  for  this  instrument  is  to  provide  each 
Airscan  user  with  a  library  of  compounds  of  special  interest.  The  output  from  the  Airscan  chrom¬ 
atograph  is  fed  directly  into  the  analyser  which  records  the  chromatographic  peaks  in  terms  of  their 
retention  time  and  area  and  then  proceeds  to  scan  its  library  for  correspondence.  When  a  compound  is 
identified,  the  analyser  prints  out  the  name  on  a  20-character  wide  tape  together  with  its 
corresponding  concentration  in  the  air.  Up  to  75  different  compounds  can  be  analysed  in  any  given 
run  in  the  present  configuration. 

INTRODUCTION 


A  requirement  exists  in  aviation  technology  for  an  instrument  that  can  be  rapidly  used  to  assess 
the  degree  of  hazard  to  aircrew  and  ground  support  personnel  from  exposure  to  low  concentrations  of 
airborne  toxic  chemicals  that  either  emanate  from  liquids  and  solids  necessary  to  aircraft  and  their 
maintenance  or  are  produced  as  a  consequence  of  aircraft  operation. 

A  recent  review  (l)  has  documented  the  hazards  of  toxic  gases  and  vapours  in  the  aviation 
environment  to  both  aircrew  and  ground  support  personnel.  The  main  sources  of  toxic  gases  and  vapours 
in  flight  are  products  of  combustion,  either  from  the  exhaust  of  the  engine  or  overheating  and  fire: 
aviation  fuels,  lubricants  and  hydraulic  fluids;  anti-icing,  anti-detonant  and  coolant  fluids:  fire 
extinguishing  agents:  refrigerents ;  ozone  and  insecticides,  herbicides  and  agricultural  chemicals, 

All  of  these  are  hazards  in  the  ground  support  environment  as  well  and  with  the  increasing  use  of 
toxic  substances  such  as  hydrazene  as  fuel  for  high  performance  aircraft,  greater  concern  must  be 
expressed  for  monitoring  of  trace  concentrations  of  these  chemicals  on  the  ground  and  in  the  air. 

The  totally  enclosed  environments  of  spacecraft  also  present  new  challenges  in  the  maintenance  of 
environmental  quality. 

Numerous  techniques  have  been  developed  for  the  detection  of  gaseous  and  vapourous  contaminants 
in  air.  Instrumentation  that  can  be  used  in  the  field  may  involve  such  different  detection  techniques 
as  infra-red  absorption,  automated  colormetric  analysis,  flame  ionization  detection  (FID)  or 
photoionization  detection  (PID)  used  in  conjunction  with  gas  chromatography.  In  the  majority  of 
cases,  these  and  other  techniques  can  be  used  only  with  difficulty  in  attaining  stable  performance 
below  the  0.1  part  per  million  (ppm)  contamination  level. 

_  PID  has  shown  promise  as  a  potentially  sensitive  technique  but.  until  recently,  it  has  suffered 
from  a  number  of  problems  in  the  attainment  of  its  theoretical  sensitivity  due  to  interference  by 
both  oxygen  and  water  vapour  in  the  air  and  its  general  stability.  The  instrument  to  be  described  in 
this  paper  employs  an  advanced  PID  system  which  has  successfully  overcome  many  of  these  problems. 

In  principle,  PID  involves  irradiation  of  sample  with  short  wave  length  ultraviolet  (UV) 
light  (in  the  region  between  2000  and  1000  Angstroms).  Such  radiation  has  a  photon  energy  which  can 
selectively  ionize  many  compounds  of  environmental  interest  but  cannot  generally  ionize  the  matrix 
gas  in  which  the  pollutant  is  dispersed  (this  matrix  is  generally  air  but  may  also  be  an  inert  gas). 
When  such  a  detector  is  attached  to  the  end  of  a  gas  chromatograph  column,  the  essence  of  a 
sensitive  air  impurity  analyser  is  found. 
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THE  AIRSCAN  SYSTEM 

A  PID  detector  has  "been  developed  which  differs  from  those  currently  available  in  several 
important  respects)  these  include  a  higher  intensity  UV  light  source  with  a  more  distributed  emergent 
flux,  a  radically  redesigned  ion  chamber  and  improved  electronics.  The  detector  is  being  incorporated 
into  a  field  portable  gas  chromatograph  and  is  being  sold  under  the  trade  name  Airscan. 

The  instrument,  which  is  shown  in  Figure  1,  is  self-contained  with  re-chargable  battery  power 
sufficient  for  a  day’s  operation  and  an  internal  carrier  gas  supply  which  can  last  for  up  to  ten 
days.  The  dimensions  are  approximately  2*1  cm  (l6'')  X  25  cm  (10")  X  22  cm  (9”)  and  the  weight  is  11  kg 
(2U  lbs). 

Because  of  the  novelty  of  the  detector,  it  is  possible  for  the  instrument  to  operate  with 
excellent  sensitivity  using  air  as  the  carrier  gas.  This  has  not  been  previously  possible  with  other 
systems  because  an  effect  known  as  ’’quenching"  occurs  in  the  presence  of  oxygen  which  drastically 
reduces  sensitivity.  The  ability  to  operate  with  an  air  carrier  allows  large  volume  air  samples 
(up  to  1  ml)  to  be  injected  without  the  occurrence  of  the  usual  injection  artefact  when  an  inert  gas 
carrier  is  employed. 

Unde**  the  above  conditions,  Airscan  can  offer  sensitivities  to  airborne  pollutants  down  to  0.1 
parts  per  billion  (ppb).  Some  of  the  compounds  which  can  be  detected  to  this  level  are  benzene, 
toluene,  xylene,  vinyl  chloride,  chloroform  isoprene,  propane,  ethylene,  hydrogen  sulphide,  carbon 
disulphide,  mercaptans,  methyl  chloride,  halothane,  nitric  oxide,  ethyl  acrylate,  benzene  chloride 
and  hydrazene.  Many  of  these  compounds  are  important  in  the  aviation  environment  context. 

In  situations  where  such  extreme  sensitivity  is  not  required  Airscan  offers  excellent  stability 
and  rapid  cold  start  capability,  often  within  five  minutes. 

matters  relating  to  sensitivity 

The  primary  function  of  Airscan  is  to  analyse  air  samples  directly  for  ionizable  compounds.  As 
has  been  intimated,  this  can  be  done  with  unprecedented  sensitivity  when  required.  Control  over 
sensitivity  allows  direct  sampling  to  yield  a  dynamic  operating  range  of  10®  or,  in  terms  of 
concentration,  between  0,1  ppb  and  100  ppm. 

When  samples  are  to  be  taken  in  the  ppm  range,  the  instrument  is  set  to  a  high  attenuation  factor 
(X100)  and  a  small-volume  air  sample  is  injected.  The  electronic  attenuation  can  be  adjusted  within 
the  range  1-100,  while  the  sample  volume  can  readily  be  varied  between  1  microlitre  and  1  millilitre. 

In  this  way  we  can  define  an  Instrument  Sensitivity  Factor,  S,  such  that: 

S  =  Sample  volume  in  microlitres 
Attenuation  factor 

This  factor  is  a  relative  one  and  particular  to  Airscan,  for  which  it  is  useful  in  comparison  to  data. 
Thus  S  can  vary  numerically  between  1000/1  =  1000  and  1/100  =  0.01,  Obviously,  further  gain  and/or 
attenuation  can  be  applied  (usually  by  using  the  chart-recorder  amplifier)  and  S  factors  of  5000  have 
frequently  been  employed. 

Work  in  the  occupational  health  area  often  involves  monitoring  of  levels  close  to  the  ppm 
range  and  the  question  may  be  asked  “Why  use  sub-ppb  sensitivity  when  working  in  the  ppm  range?"  The 
answer  to  this  comes  from  examination  of  the  existing  technology.  Most  of  the  available  field-portable 
instruments  now  in  use  have  difficulty  in  performing  at  the  ppm  level;  considerable  instrument  noise 
is  evident  and  long  time  periods  are  required  to  ensure  stability.  The  sensitivity  of  Airscan  ensures 
that,  when  ppm  levels  must  be  measured,  absolutely  no  instrument  noise  is  evident  and  stable  operation 
is  reached  .thin  five  minutes  of  a  ’cold-start*.  When  Airscan  is  used  measure  sub-ppb  levels  of 
contamination,  some  noise  is  evident  and  longer  stabilization  times  are  required. 

To  perform  analyses  with  the  Airscan  system,  very  small  sample  volumes  are  required,  50  ul 
being  a  typical  value,  in  contrast  to  the  multi -litre  volumes  of  air  usually  required  for  laboratory 
concentration  either  cryogenically  or  by  passing  through  a  charcoal  collection  tube  containing  an 
appropriate  adsorption  medium  for  later  extraction  and  conventional  analysis.  The  advantage  of  this 
smal 1 -volume  sampling  feature  can  be  realized  in  a  new  approach  to  time-weighted  average  (TWA)  personnel 
monitoring,  A  tiny  metal  vessel  can  be  evacuated  and  fitted  with  a  'critical  orifice  assembly’  (3) 
which  permits  the  controlled  entry  of  work-place  air  into  the  vessel  so  that  th»-  internal  pressure  will 
reach  1/2  atmosphere  in  a  period  of  eight  hours.  The  contents  reflect  the  true  exposure  that  a  worker 

may  have  had  to  airborn  chemicals.  With  Airscan.  the  sample  may  be  quickly  analyzed  in  the  field  or 

laboratory  and  the  internal  volume  of  the  collection  vessel  need  be  only  1  ml  or  less.  Conventional 
time-weighted  averaging  can  still  be  accomplished  using  Airscan:  in  this  case,  a  small  collection  bag 
may  be  slowly  filled  over  a  period  of  a  shift  and  a  TWA  sample  withdrawn  through  a  syringe  port  at 
any  time  without  impact  ^n  the  ongoing  collection. 

GAS  CHROMATOGRAPH  COLUMNS 

Airscan  employs  an  ambient  temperature  column  which  is  mounted  internally;  a  wide  range  of  suit¬ 
able  columns  may  easily  be  installed.  Two  major  limitations  of  this  feature  exist.  One  is  that  as 
the  ambient  temperature  changes,  there  will  be  a  correspond! ng  change  in  column  parameters;  most 

notably,  retention  time  will  change  and,  where  this  occurs,  calibration  will  be  necessary.  While  this 

effect  does  introduce  some  problems,  it  has  been  found  that  these  are  easily  overcome  and  some 
efficient  methods  of  preparing  and  storing  standards  have  been  developed  for  this  purpose.  Further 
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simplification  of  this  problem  has  come  with  the  introduction  of  a  computer-managed  signal  analysis 
calibration  system  which  is  able  to  refer  to  a  built-in  library  of  compounds  for  identification  by 
name  and  quantification  of  their  level  of  presence,  while  taking  temperature-drift  into  account. 

The  second  limitation  of  ambient  columns  is  that  heavy,  high  boiling  point  compounds  have  very 
long  retention  times  and  the  peaks  which  ultimately  emerge  from  the  column  will  be  greatly  reduced 
in  magnitude  due  to  column  losses.  While  there  are  some  compounds  which  are  intractable  to  the  ambient 
technique,  a  number  of  means  are  available  for  overcoming  the  problem  in  many  cases.  Where  a  high 
boiling  point  compound  is  specifically  being  sought,  a  short,  small  diameter  column  may  be  employed 
most  effectively.  A  25  cm  (10")  1.5  ram  (1/16”)  diameter  packed  SE-30  column  has  been  used  with  great 
effect  to  detect  terpene  compounds,  the  boiling  points  of  which  are  close  to  200°C,  Ethylene  glycol 
dinitrate,  another  high  boiling  point  compound  and  a  component  of  dynamite,  is  also  readily  detected. 

Further  work  with  high  boiling  point  compounds  at  ambient  temperatures  is  being  carried  out 
using  the  new  generation  of  fused  quartz  capillary  columns.  With  these,  no  splitting  is  required  as 
Airscan  can  operate  readily  at  flow  rates  of  5-10  ml/minute.  High  boiling  point  compounds  elute 
rapidly  with  these  columns  with  excellent  resolution,  even  at  ambient  temperatures. 

For  specific  situations,  such  as  the  direct  analysis  of  human  breath  in  which  high  levels  of 
water  vapour  are  injected  with  each  sample,  it  is  important  to  choose  a  non-degradable  liquid  phase. 
Satisfactory  results  have  been  obtained  using  SE-30  for  non-polar  compounds  and  Carbowax  20M  for 
moderately  polar  compounds. 

RESULTS 

(a)  Dynamic  range: 

Figure  2  shows  the  result  of  a  direct  injection  of  a  simulated  workplace  environmental  sample, 
containing  1  ppm  of  benzene,  some  trace  light  hydrocarbons  and  a  small  amount  of  toluene.  In  this 
chromatogram  the  benzene  peak  is  by  far  the  largest  and  the  majority  of  the  remaining  compounds 
represent  concentration  levels  in  the  range  of  0,1  to  0.2  ppm.  At  an  S  setting  of  10,  no  noise  was 
evident.  The  sample  volume  injected  was  100  ul. 

Figure  3  shows  the  same  sample  run  at  an  ”S"  value  of  200.  The  benzene  peak  is  now  truncated 
and  many  of  the  other  peaks  are  off-scale  as  well;  however,  new  peaks  appeared  the  sizes  of  which 
correspond  to  concentrations  in  the  low  ppb  range.  There  was  no  evidence  of  noise  on  the  trace. 

Figure  ^  shows  an  environmental  sample  (suburban  air)  containing  2  ppb  of  benzene.  The  S  factor 
was  set  at  5000  and,  at  this  sensitivity,  a  certain  amount  of  instrument  noise  was  apparent.  The 
presence  of  benzene  in  suburban  air  is  not  surprising  in  view  of  the  high  levels  of  this  compound 
which  are  present  in  the  new  ’Super'  grades  of  unleaded  gasoline:  evaporation  from  car  gas  tanks  is  the 
most  likely  source, 

(b)  Compounds  of  Environmental  Concern: 

Figures  5  through  7  illustrate  the  analysis  of  several  compounds  with  the  corresponding  sampling 
parameters  given.  These  include  pinene,  limonene,  arsine,  phosphine,  methylene  chloride,  n-hexane 
and  benzene. 

(c)  Analysis  of  Human  Breath: 

Airscan  is  capable  of  detecting  a  range  of  trace  compounds  present  in  human  breath  which  may  be 
of  metabolic  or  environmental  origin.  There  compounds  are  present  in  very  small  concentration  in 
relation  to  the  gross  concentrations  of  carbon  dioxide  and  water. 

A  single  experiment  was  performed  to  examine  the  breath-levels  of  ethanol  in  a  subject  who  had 
taken  a  dose  of  0.3  gm/kg  body  mass.  Utilizing  Airscan  analysis  it  was  possible  to  track  the  alcohol 
in  the  subject's  breath  for  a  period  of  3  1/2  hours  after  ingestion.  The  ultimate  limitation  was  the 
subject's  own  endogenous  alcohol  level  which  was  approached  after  this  length  of  time.  The  sampling 
technique  involved  the  subject  taking  several  deep  breaths,  holding  his  breath  for  30  seconds,  and 
then  taking  a  syringe  sample  of  50  ul  directly  from  his  mouth  as  he  exhaled  the  last  portion  of  breath. 
This  sample  was  then  injected  directly  into  an  Airscan  instrument,  fitted  with  a  50  cm  Carbowax  20M 
column.  Figure  8  shows  the  data  obtained,  arranged  sequentially  through  time.  Figure  9  shows  a  plot 
of  ethanol  level  in  the  breath  (in  ppm)  as  a  function  of  time.  Such  a  sampling  procedure  may  be 
simplified  with  the  aid  of  a  sample  loop  connected  to  the  injection  port  of  the  Airscan. 

Calibrations  were  carried  out  at  four  points:  18,  36,  52  and  72  ppm  ethanol  in  air.  The 
analytical  precision  was  tested  for  this  compound  (Figure  10)  and  found  to  be  within  £1.5^.  A  trace 
from  the  background  air  breathed  is  included  in  Figure  11  and,  for  comparison,  a  trace  from  a  subject 
who  had  taken  no  alcohol  is  also  shown  in  Figure  11. 

(d)  Real-Time  Monitoring: 

The  Airscan  can  be  operated  in  a  mode  in  which  the  carrier  gas  supply  is  replaced  with  a  vacuum 
pump  and  the  column  removed.  In  this  mode  of  operation,  the  sample  is  drawn  from  the  environment 
through  the  ionization  chamber  and  the  instrument  then  measures  the  level  of  the  Total  Ionizables 
Present  (TIP).  In  this  mode,  Airscan  compares  very  favourably  with  some  of  the  other  total  organic 
detectors  which  are  now  on  the  market  which  cannot  usually  detect  less  than  1  ppm  of  contamination. 

Figure  12  shows  Airscan  results  for  the  TIP  mode;  alternating  analyses  between  clean  bottled  air 
(Medical  Grade)  and  laboratory  air  at  approximately  1  ppm  TIP.  Note  that  there  is  no  noise  on  the 
trace  when  clean  air  is  being  monitored  but  that  fluctuations  are  apparent  in  the  laboratory  air. 
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presumably  due  to  eddies  in  the  concentration  of  airborn  impurities.  The  detection  threshold  in  the 
TIP  mode  is  better  than  ?0  ppb. 

A I FT "AN  DATA  TYFTFM 

A  prototype  portable  data  system  has  been  developed  for  use  with  Air scan.  This  system  is 
designed  to  measure  peak  retention  time  and  peak  area  and  to  carry  out  the  management  of  the  calibra¬ 
tion  function,  thereby  simplifying  the  use  of  ambient  columns.  On  computer  prompting,  a  single 
component  gas  standard  is  injected  into  the  Airscan  by  the  operator.  The  computer  notes  the  parameters 
of  this  standard  run  and  proceeds  to  normalize  all  the  data  (based  on  retention  time,  response  factor 
and  dri ft-ooeff ic ient  for  the  particular  compound)  contained  within  a  semiconductor  library  comprised 
of  up  to  7?  relevant  compounds.  Thus,  the  single  point  calibration  serves  to  correct  all  data  for 
drift.  Upon  completion  of  this  simple  procedure,  the  .ample  under  study  nay  be  introduced.  The  unit 
then  provides  a  record  of  the  run  in  which  the  identified  compounds  are  listed  and  their  levels  of 
presence  (in  ppm)  are  recorded  on  a  ?0-character  vide  thermal -printed  tape.  If  a  peak  has  appeared 
which  does  not  correspond  to  anything  held  in  the  library,  the  computer  will  simply  print  "UNKMOVrtT 
and  rive  the  retention  time  and  the  peak  area.  At  this  point  a  second  memory  nay  be  plugged  in  and 
the  attempt  at  identification  repeated.  Figure  13  shows  a  typical  record  from  the  prototype  instrument. 
Figure  lU  shows  the  present  instrument  in  operation. 
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Fig.2  Results  of  Airscan  measurement  on  sample  of  simulated  workplace  air 
contaminated  with  1  part-per-million  of  benzene  vapour  as  the  m^jor  component, 
along  with  some  minor  hydrocarbon  components.  Instrumental  sensitivity  factor  is  10 


Fig.3  Results  of  Airscan  measurement  on  the  same  mixture  shown  in  Figure  I  but  with 
the  instrumental  sensitivity  now  set  at  200.  Note  the  total  absence  of  baseline  noise  and 
the  profusion  of  peaks  in  the  low  part-per-billion  range 


Fig.4  Results  of  Airscan  measurement  on  a  sample  of  typical  suburban  air  containing 
benzene  at  approximately  2  parts-per-billion  and  employing  an  instrumental  sensitivity 
factor  of  5000.  Early  offscale  peaks  are  gasoline  derivatives  of  C2  through  Cs 
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Fig.5  Airscan  analysis  of  0.2S  ml  a-pinene  and  limonene  in  air.  Attenuation  setting  for  a-pinene 
is  50  (Peak  1,  1.9  ppm,  S  =  5)  and  for  limonene  5  (Peak  2,  620  ppb,  S  =  50).  Column  used  was 
1 0"  x  1/1 6"  5%  SE-30  on  Chromosorb  G  80/ 1 1 .  Chart  speed  was  0.5  cm/min  and  voltage  span  was  1  OOmv 


— 

_  i 

i 

1 

! _ 

_ _ 

-Injection 


Fig.6  Airscan  analysis  of  30  pi  arsine  ( 1 .8  ppm)  and  phosphine  (3.3  ppm)  in  nitrogen.  Attenuation 
setting  was  5  and  S  was  6  for  all  peaks  (Peak  1  =  nitrogen,  Peak  2  =  phosphine  and  Peak  3  =  arsine). 
Column  used  was  10"  x  1/8"  5%  SE-30  on  Chromosorb  G  80/100.  Chart  speed  was  2  cm/min  and 

voltage  span  was  1 00  mV 
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Fig.7  Airscan  results  showing  relative  response  to  air  sample  containing  10  ppm  each  of 
methylene  chloride,  n-hexane  and  benzene.  Instrument  sensitivity  S  =  0.5.  Chart  speed  was  2  cm/min 

and  voltage  span  was  1 00  mV 
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Fig.X  Results  of  Airscan  measurement  of  sequential  time-tracing  of  ethanol  in  the  end-breath 
of  a  subject  who  had  taken  a  dose  of  0.3  gm  kg  body  mass  The  numbers  beneath  each  trace  denotes 
the  time  in  minutes  after  the  ethanol  consumption  and  the  S  factor  denotes  the  instrument  sensitivity. 
The  ethanol  peak  is  first  on  the  left  side  in  each  trace 


Background  air  at  S=  5 


Subject  who  had 
received  no  alcohol 


Fig.  1 1  Airscan  measurement  of  ethanol  in  the  background  air  breathed  by  the  subject  described 
in  Figure  9  along  with  rn  end-breath  measurement  from  a  subject  who  had  taken  no  alcohol  (S  =  51 


Fig.  I  2  Results  pertinent  to  Airscan  instrument  being  used  in  the  Total  lonizables  Present  (  I  IPi  mode. 
I  he  scan  shows  the  difference  between  a  clean  air  standard  and  an  environment  having  a  contamination 

comparable  to  1  ppm  bi  nzene 
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PHQTOVAC  CCDA-8002 
18:05:80  #  3 

ROM  PACK  #0108 
SE-30  5*/. 

CHROM0S0RB  G 
60/80  4'  *  1/8" 


50.00  ml. 

NR=4  PR=5  MR=8 


01  UNKNOWN 

• 34M  4.205  mVN 


02  UNKNOWN 

•  92M  44.62  mVM 


03  TEST  1/2: 1/0  18 
1.58N  85.30  mVN 

85.30  pg  . 0O17ppm 

04  TEST  2/2: 1/8  If. 
2. 07M  32.52  *VM 

32.52  pg  . 0806ppn 

05  UNKNOWN 

2.68M  360.3  mVM 


06  CHLOROFORM  02 
3.27M  213.2  mVH 

5.267  ng  . 0212ppm 

07  2/ 4-diMePENT  06 

3.97M  34.58  mVM 

115.9  pg  .0005ppn 

08  UNKNOWN 

4. 62M  841.7  mVM 


NUMBER  NAME 

00 

n-PENTANE 

01 

di Cl METHANE 

02 

CHLOROFORM 

03 

BEN2ENE 

04 

trCl ETHYLENE 

05 

2-MePENTANE 

06 

2/ 4-diMePENT 

07 

3-MeHEXANE 

08 

n-HEPTANE 

09 

3-MeHEPTANE 

10 

MeCyHEXANE 

11 

234— trMePENT 

12 

2/ 4-diMeHEX 

13 

PRESS.  SURGE 

14 

TEST  1/1 

1/0 

15 

TEST  2/2 

1/0 

16 

TEST  4/4 

1/0 

17 

TEST  8/8 

1/0 

18 

TEST  1/2. 

1/0 

19 

TEST  2/4 

1/0 

£0 

TEST  4/8: 

1/0 

21 

NITRIC  OXIDE 

22 

PROPANE 

23 

isoBUTANE 

24 

n-BUTANE 

25 

EMeBUTANE 

ENTER  INJ.  VOL.  < 

09  TEST  4/8: 1/0  20 

5.92M  810.2  mVM 

310.8  pg  .0162ppm 

10  tr Cl  ETHYLENE  0* 
6.75M  243.0  mVM 

3 6 . 0  p  g  •  0  0 1 4  p  p  m 


Fig.  1 3  Typical  record  from  the  Airscan  data  system 
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MOOELE  DE  LABOflATQIRE  POUR  EVALUER  LA 
TO XI CITE  OES  PRODUITS  DE  COMBUSTION 


JM  JOL)ANY+—  JM  PRESLES*—  J  PRE-^ 

+  Laboratolre  da  Toxlcologie,  UER  MEdacine  at  Pharmacia  da  ROUEN, 

Bd  da  l'UnlversitE,  BP  97,  76800  St  Etianna  du  Rouvray,  FRANCE 
++  DRET,  S0R/G9,  26  Bd  Victor,  F  75996  PARIS  ARMEES,  FRANCE 
+++  Laboratoire  da  Biochimie,  UER  MEdacine  da  PARIS  XIII,  Bobigny,  FRANCE. 


L'Evaluatlon  da  la  toxicitE  dea  produits  da  dEgradation  tharmiqua  das  matEriaux  doit  pouvoir  con- 
duire  A  las  classar  anvua  da  las  sElactionnar,  an  pranant  an  compta  un  certain  nombre  da  crltEres. 
Nous  avons  asaayE  da  dEfinir  una  mEthodologie  ralativament  simple  da  screening  par  comparaison 
avec  das  explorations  blologiquas  plus  complexes .  Un  nouveau  four  permettant  da  mesurar  das  vi tea¬ 
ses  da  combustion  das  matEriaux  est  proposE,  Las  intoxications  anlmalas  ont  EtE  rEalisEes  char  la 
rat,  soit  laissE  an  ventilation  spontanEa,  soit  placE  an  ventilation  asslstEa.  OiffErents  nlvaaux 
d 'observation  ont  EtE  choisis:  DL  SO,  incapacitation,  EEG,  ECG,  prasslon  artErialla,  lEcithlnas  at 
protEinas  alvEolairea.  Pour  l'analyse  das  rEsultats,  la  transformation  da  toutaa  las  valours  brutes 
on  1 aura  valours  centrEes  rEduites  at  la  calcul  d'un  indlca  da  PEARSON  modlflE  permettant  d'aborder 
la  clasaoment  dea  matEriaux  per  un  index  global. 


INTRODUCTION. 

L'Evaluatlon  da  la  toxicitE  das  produits  da  tharmolyso  das  matEriaux  ast  trSs  prEoccupanto  at  la  choix  da 
l'utlllaatlon  da  cos  demiers  nEcaasite  da  pouvoir  las  classar  on  fonction  das  riscsios  qu'ils  pouvant  erv- 
tratnar  at  cola  impose! 

.  la  codification  d'una  mEthoda  pranant  an  compta  las  facteurs  prlncipaux  quo  l'on  doit  dEfinir  on  fonction 
das  exigences  do  la  routine  dont  las  meillos  no  dolvant  pas  itra  trop  larges  pour  assurer  una  couvsrtura 
aufflsanto.  La  choix  das  paramEtrea  doit  Itra  an  accord  avac  las  risquea  maximums  prEsantEs  par  un  matErlau 
placE  dans  un  scenario  dEfini. 

,  la  moyan  do  Juger  da  1 ’ana amble  das  modifications  das  variables  par  una  approche  multivariEe. 

L'Evaluatlon  toxlcologiqua  repose  aur  la  problEmo  f  ondamontal  da  l'Etablisssment  da  relations  dosas- 
affots.  La  dose  dEpand  du  modEle  feu  cholsl ,  done  du  scenario  proposE,  qul  no  dolt  pas  ttra  trop  EloignE 


d'una  certain*  rEalitE.  Ella  dEpand  ausal  du  mode  d' administration  dea  atmosphEras  toxiquas  aux  animaux 


lalssAs  an  ventilation  spontanAe  (vs)  on  placAs  sous  ventilation  contrfilAe(vC)  avac  lea  avantagea  et  las 


inconvenient®  qua  cala  comports.  Dana  la  pranler  cas,  on  aatima  la  toxicitA  globale  dee  atmospheres,  dans 
la  acond  la  toxicitA  au  nlvaau  da  1' alveola  pulmonaire  at  sas  consequences.  L'effet  demands  da  choislr  das 
crl tires  da  dAriglement  du  material  biologique  pour  apprAciar  las  rAponses.  Cos  critires  sont  da  plusiaurs 
natures  at  on  doit  connaltra  lours  significations  exactss  afin  da  ne  pas  lea  mA longer  da  fagon  arbitraira 
ou  inconsldArAe  lors  das  Interpretations.  On  paut  ainsi  dAflnir  las  significations! 

-  gara«etras_da  fonctionnafflent_dss  organes! 

.  letaux:  c'est  d'abord  la  mort  quisa  caracterlsa  par  l'arrlt  d'un  ou  plusiaurs  organas  vitaux  (ventilation, 
coaur,  systems  nervaux);  son  apparition  ast  gAnAralement  constates  par  la  parte  da  la  stature  et  das  refle¬ 
xes  at  l'arrfct  resplratoire;  on  paut  aussi  la  dAflnir  plus  prAclsAmant  par  l'arrit  da  l'ac  tivltA  cArAbrala 
(EEG)  ou  cardlaque  (ECG) 

.  aublAtaux:  c'est  par  example  1* Incapacitation;  l'abscance  d'activltA  motrlce  presents  un  risque  grave. 

-_parametraa  da_di3fanctionnamant_biologiqua! ils  sont  essential lament  da  signification  sublAtale,  comma 
la  mesure  das  go*  du  sang,  1' etude  do  la  chimia  pulmonalre( surfactant) . 

La  phAnomina  dAflnitf  da  la  mort  rapids  n'apporta  pas  AnormAment  de  ranssignements(DL50) ,  bien  qua  parmet- 
tant  un  premier  trl.  II  sembls  plus  Judiclaux  da  raster  dans  una  phase  sublAtala(dimlnution  50%  d'activltA 
d'un  organa  vital)  afin  de  tolArer  una  rAcupAratlon  Aventuelle  permattant  das  Jugements  plus  fins,  En  fait, 
il  vaut  mieux  consldArar  las  posalbllltAs  da  murvle  qua  las  conditions  da  mort  dans  une  intoxication. 

La  connalssancs  analytlqua  das  toxiquas  majeurs  (CO,  HC1  ou  HCN)  ast  intAressanta  car  un  toxique  majaur 
paut  Atre  raprAaentatlf  da  touts  la  toxlcltA;  alia  mcntra  la  cinAtiqua  de  tharmolyae  par  son  Amission  at 
paut  sarvlr  da  rAfAranca;  alia  parmat  d'Atalonnar  las  mesuras  de  toxicitA  par  un  toxlqua  IsolA  connu.  Mala 
alia  ast  lnsuffisanta  car  un  toxlqua  majaur  ast  assez  rarsment  raprAaentatlf  da  touts  la  toxicitA  poten- 
tlalle  d'un  matAriau;  las  associations  da  toxlques( synergies, antagonisms®)  ne  sont  pas  prises  an  compta; 
dee  "super toxiquas", type  acrolAina,  na  sont  pas  fore Am ant  considArAs;  una  analyse  mime  approfondie  n'ast 
pas  obllgatoiramant  complete.  La  dosage  das  toxiquas  majaura  ast  una  dAmarche  analytlqua,  la  rAponss  bio- 
logloua  ast  d'ordra  synthAtiqua,  On  paut  quand  mime  dire  qua,  si  dans  las  gaz  de  combustion  un  toxique 
majejr  attaint  das  valeurs  racormuss  comma  mortallaa  1'sssal  animal  ast  inutile.  Dans  la  cas  contralra, 


l'utilisation  d'anlmaux  eat  Indispensable. 
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Dans  una  approcha  multivariie,  1' appreciation  da  rlaquaa  coablnAs  a  614  faita  par  laa  AmAricalns  aoua  forma 
d'un  "Cc  tblned  Hazard  Index" ( CHI )  pranant  an  coapta  troia  critAras  (  fumAe,  temperature,  toxlcltA),  La  va- 
laur  comauna  &  caa  troia  vertablea  aat  la  tamps  au  bout  duqual  l'una  d' antra  alias  prand  la  valaur  maximum. 

Nous  awons  abordA  la  problems  da  la  maniAre  auivantat 

.  aur  la  plan  du  models  fau,  la  tampAraturs  da  thwmolyaa  da  500*0  a  AtA  cholala,  aasaz  representative 
das  faux  qui  couvant;  c'ast  aouuant  14  qua  la  engagement  da  toxiques  eat  la  plus  important.  La  vltasaa  da 
combustion  du  astArlau  aat  capitals  4  comaltre,  la  dAveloppamant  d'un  fau  Atant  tr4s  114  au  tampa  at  4  la 
mass a  da  mati4ra  angagAe.  Laa  gaz  toxiquaa  majeura  doivant  ttra  d°sAs  an  continu  (rAfArence). 

.  aur  la  plan  das  mod41sa  animaux,  nous  auona  ratanu  laa  rata  at  laa  sourls,  intoxlquAs  aoit  an  ventl- 
latlon  spontanea  (toxlcit4  globala),  an  calculant  laa  DL50  (  g  da  matArlau  brOlA  par  m3  d'air]  at  an  mesu- 
rant  laa  tamos  d' incapacitation (activity  motrlca  spontanea  apprAciAe  par  sismographia)  solt  an  ventilation 
contrfllAa  (toxlcltA  alvAolaira)  apr4s  intubation  trachAale  at  aaslstanca  vantllatolre  par  pompa. 

.  nous  averts  charchA  4  prandra  an  coapta  la  maximum  da  variables  at  4  an  Jug  or  da  fagon  multi  varl  4a 
par  leur  transformation  an  valaura  cantr4aa  r4d  ultas  puis  estimation  das  significations  par  una  mof loca¬ 
tion  du  test  da  PEARSON  ( )  condulsant  4  un  clasaamant  daa  mat4riaux. 


•CTHCDOL  OGI E . 

1 .  Mat4rlaux. 

Lea  atmoaph4raa  contanant  das  toxiques  majaurs  ont  4t4  pr4par4es  4  partlr  d'obus  da  gaz  purs  dilu4s  avac 
da  l'alr  darts  das  ballons  an  SARAN.  La  boia  sat  du  paupliar,  la  FVC  un  polychlorura  da  vinyl  a  riglde,  las 
daux  mousses  da  polyur4thanas,  l'una  soupla  non  ignifugAe(PUS) ,  1'autra  riglda  IgnlfugAe  (PUR-ig). 

2.  Monies  fau. 

Deux  types  da  four  ont  4t4  utllisAs,  un  four  mobile  non  asservi (fm) ,  un  four  asservi  (FA). 

2.1_._Four  *obile_non_asservi 

Un  four  clrculaire  sa  d4placa  la  long  d'una  nacelle  an  quartz  contanant  das  4chantillons  sous  forma  da 
r4glettes.  La  d4bit  d'air  eat  da  2001/h,  la  vltasss  du  four  da  1  cm/m n.  L'air  at  la  four  se  d4placant  dens 
la  mtma  sans (condition  co-courant),  brOlant  1 ' Achantillon  au  fur  at  4  mesure, 

2.2,  Four  asservi ; 

Dans  ca  css,  un  chariot  porte-Ac hanti 1 Ion  eat  mobila  st  engage  la  matAriau  dans  un  four  clrculaire  fixe 
4  viteasa  variable( figure  n"l).  Daux  thermocouples  aont  plac4s  au  niveau  du  four,  l'un  (n)  servant  da 
tAmoln  4  la  aortla,  1'autra  (T2)  4  l'antr4a  du  four  au  voisinaga  da  l'4chantillon.  Ouand  la  matAriau  eat 


I 
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introduit  dans  la  four,  la  taapiraturs  T2  s'ilAve  par  rapport  A  la  t empire tura  T1  timoin  imposts  au  four 
car  das  calorlas  aont  libiries  lors  da  la  digradation  tharndque  du  metiriau;  la  marc he  du  chariot  eat  alora 
arrttie,  Quand  la  digradation  eat  tarminie,  lea  tampiraturas  T1  at  T2  s'igalisent  at  la  chariot  aa  ramat 
an  marc ha,  nourriasant  la  fau.  L'activiti  du  motaur  entratnant  la  chariot  ast  done  an  relation  diracte  avac 
la  vitasse  da  combustion  dudit  matiriau.  Lee  ichanti lions  sent  igalement  sous  forma  da  baguettes  at  la  di¬ 
bit  d'air  traversant  la  chambre  ast  da  1301/h. 

2.3._0osaga  daa  toxigu8s_na jaursj_ 

A  la  aortia  da  la  chambra,  une  partir  aliquots  das  gaz  ast  prilevia  at  la  CO  ast  dosi  par  apectrophotomi- 
tria  IRfappareil  C06UA) ,  HCN  at  HC1  par  potentiomitrie  (appareil  RAQICAETER)  an  fonction  du  type  da  metiriau 

3,  ModAles  anlmaux. 

3 . 1_ .  _V  an  ti  1  a  t  ion_s£ontani  e|^ 

-  0L50:  las  rats  da  soucha  Wistar,  d'un  poids  moyen  da  220  g,  sont  placia  dans  5  tubas  A  contention 
raliis  A  uns  boula  ripartitrice  das  gaz,  alle-mime  reliie  A  la  sortie  das  fours,  L 'augmentation  das  doses 
ast  assurie  par  augmentation  des  poids  d'ichantillons  at  la  DL5D  ast  celculie  par  la  mithode  da  REED  & 

MJNCH  dlta  das  totaux  cumulatifa. 

-  Activiti  mo trice  spontaniei  un  sismographe  simple  a  iti  mis  au  point  (figure  n°l).  Sur  un  portoir  da 
burette,  une  forte  lama  da  scie  ast  fixie  at  supoorte  A  son  eetrAmiti  libra  una  chambre  on  verra  de  1  1,, 
perpendiculalre  dans  la  plan,  pouvant  contanir  un  rat  ou  deux  souris.  L’extrAmiti  libra  da  la  lama  ast  reliie 
par  un  fil  A  l'axa  d'un  petit  motaur  synchrone  dont  las  boms  sont  rallies  A  un  anragistreur.  La  lame  de 
sole  branle  on  fonction  des  mouvements  des  animaux  et  notamment  de  laur  activiti  exploratolre,  ce  qui  fait 
toumar  l'axa  du  motaur  qui  diveloppa  un  courant  que  l'on  anragistra.  La  sensibiliti  da  ce  systAma  ast 
grande  at  dans  la  cas  des  rats,  la  ventilation  peut  itra  onreglstria,  L'activiti  da  souris  (Swiss  d'un  poids 
moyen  da  25g)  exposies  A  un  balayage  d'air  pur  dura  plus  de  deux  heures,  ca  qui  ast  suffisant  pour  la  durie 
da  nos  axpiriances,  Lors  d* intoxications,  daux  masures  sont  affactuies:  la  dilal  d'lncapacltatlon  (  tenps 

au  bout  duqual  l'activiti  das  animaux  casss)  at  la  durie  d'lncapacltatlon  (  tamps  au  bout  duquel  l'activiti 
ast  reprise. 

3 . _Venti 1 a t lon_contxfil ie^ 

Ella  conslata  4  itabllr  la  "Phyaiogramme"  (figure  n°2).  Una  trachiotomie  ast  pratiquio  chaz  la  rat  sous 
anasthisla  flash  par  1'ithar  ithyliqua.  L'animal  ast  ansuita  placi  sous  ventilation  artiflcleila  avac  une 
pompa  BIRO  (  dibit  d’air  20  l/h)  at  inmidiatement  curarlsi  avac  0,75  ml  da  flaxidil(  triiodomithylate  de 
gallamine)  adminlstri  par  voie  intra-piritoniale,  Una  bonns  anasthisla  locals  ast  alors  pratlquia  avac  la 
procaine;  la  carotids  ast  canulia  at  un  robinat  A  double  voia  parmet  da  fairs  dsa  prilAvaments  da  sang  ar- 
tirlal  sur  la  trajat  da  la  prise  da  presslon  artirislla.  Trois  ichantlllons  da  sang  sont  prls  au  cours  d' 
una  intoxication,  la  premier  an  timoin  event  1 'intoxication,  Is  second  A  la  fin  da  cette  demiAre  (30mn) 
la  dernier  aorta  una  piriode  da  rAcupiration(l20wn).  L'EEG(bioccipital)  at  1 'ECG(dirivation  01 )  sont  enra- 
giatris  pendant  touts  la  duria  da  l'sxpirlanca.  Las  gaz  du  sang  (  PCI,  et  PCO^),  la  pH  artirlals  sont  masu- 
ris  par  l'apprall  RAOICACTEP . 

Ls  Phyaiogramme  ast  un  dlagramne  A  3  coordonniaa.  En  abscissa  l'activiti  du  systAme  narveux  central  ast 
axprimia  an  friquence  da  l'EEG,  En  ordonnioa,  sont  raportis  la  pouls  d'un  c6ti  et  la  prsesion  artirislla  da 
1  'autre.  L'itat  da  l'animal  A  un  moment  domi  ast  done,  raprisanti  par  un  point.  Las  dip lec aments  de  ca 


Figure  n* 1 t  Schama  du  four  asservi  at  du  aiamographe  meaurant  1 'activity  apontan&e  das  sourla 
T1 ■thermocouple  da  r^fdrence  -  T2-thermocouple  placd  au  niveau  du  matSriau 


POjjPCOjjpH 


Bat  curarlaa 


Pbyaloxra— i 

-  intoxication 

—  —  rjgnperation 
4P  «  ^  .  (Index  global 


d' intoxication) 


Figure  n*2 i Schama  d' intoxication  du  rat  an  ventilation  contr614e(physlogramme)  at  ^tabliaaemant 


du  diagrawma;  thereolyae  du  mat#rlau  par  la  Four  mobile  (fm) 


Blb-6 


dernier  permettent  de  suivre  facilement  1 ea  Evolutions  de  1 'intoxication  et  de  la  rEcupEration.  On  peut 
Egalanent  calculer  6  partir  de  ce  diagramme  un  "Index  global  d' intoxication"  dit  SI,  comma  dans  la 

figure  n°2,  le  point  significatif  da  l'Etat  du  rat  vs  de  A  i  9  par  example,  on  peut  prolonger  AS  jusou'6 
son  intersection  0  avec  une  corrdonnEe.  Le  rapport  des  distances  AS/AO  donne  le  pourcentage  de  dEgrada- 
tion  de  l'Etat  de  l'animal,  soit  le  /Xfib.  On  peut  ainsi  obtenir  des  courbes  dose-rEponse, 

L 'exploration  du  revfttement  alvEolaire  a  EtE  fait  par  lavage  des  poumons  avec  une  solution  saline  isoto- 
nique  puis  dosage  des  protEines  par  le  rEactif  de  LOAfRY  et  des  lEcithinea  par  chromatographi8  an  couche 
mince  quantitative  (  PRE  et  col.  (l)  . 

4.  Analyse  des  rEsultats. 

4 , 1_ .  _Vo  1  aur  s_c  an  tr  E  a  s  rEduitesj. 

II  faut  comparer  les  variations  6  1'intErieur  d 'une  variable  et  dans  diffErentes  variables  exprimEes  dans 

des  unitEs  diffErentes,  II  faut  fairs  d'une  part  abstraction  de  ces  unitEs  et  d'autre  part  garder  des 

dispersions  comparables  par  rapport  au  tEmoin  dans  cheque  variable.  A  ce  moment  16,  tous  les  chiffres  de- 

viendront  comparables.  Le  moyen  est  de  transformer  cheque  valeur  brute  x  en  sa  valeur  centrEe  rEduite 

x  -  x  ,  x  correspondent  6  la  moyenne  des  veleurs  obtenues  dans  la  variable  Bt  s  1 'Ecart-type.  On  peut 
s 

alors  faire  un  bilan  des  variations  de  plusieurs  variables. 

4,2. _Cl_assemen t  des  compoaEs_at  des  matEriaux! 

Nous  avans  alors  utilisE  le  principe  du  test  de  PEARSON  pLjr  clss3er  las  composEs  par  rapport  aux 

tEmoins.  L'application  est  bonne  pour  les  variations  des  valeurs  biologiques  telles  que  1-EEG,  2“£CG, 
3«PA,  4 -PCL, ,  S»PC02  et  6-pH.  Si  pour  cheque  variable,  la  valeur  tEmoin  est  tl  et  la  valeur  de  1'essal  el , 
on  peut  Ecrirej 

V*  -  ( el  — tl  ]2  +  (e2-t2)?  +  ...  (en- tn)2 

tl  t2  tn 

Plus  cetta  valeur  eat  61ev6e,  plus  le  compost  d£r6gle  le  t£moin  et  un  classement  prenant  en  conpte  les 
diver aes  variables  mesur^es  peut  fttre  obtenu, 

P£S(JL  TA  TS. 

1 ,  Mocfelea  faux. 


A  la  ten^jiSrature  de  500°C,  1 'activity  du  moteur  qui  repart  ou  s'errftte  en  fonction  de  le  combustion  est 
corrects  pour  tous  les  matpriaux  sauf  pour  le  PVC.  Oans  ce  dernier  cas,  le  mst^riau  fond  en  effet  sans  brO- 
lar,  mats  subit  pourtant  une  degradation  thermigue;  le  moteur  introduit  con3tamment  du  tnat^riau  neuf  dans 
la  source  de  chaleur.  Une  premiere  distinction  peut  se  faire  par  la  mesure  des  vltesses  de  combustion, ex- 
prim^es  en  mg  consomme  par  gramme  de  mat^riau  at  par  minute  (  mg.g  \mn  Ainsi,  le  FVC  nourrit  constam- 
ment  le  feu,  la  vitesse  de  combustion  de  la  mousse  souple  de  PU  est  plus  grande  que  celle  de  la  mousse  ri- 
glde  ignifug^e,  toutes  deux  £tant  sup^rieures  b  celle  du  hois.  Cela  reflate  une  certaine  r^alitt5.  On  peut 
constater  par  ailleurs  que  le  four  mobile  non  asservi  no  respecte  pas  cette  caract£ristique  des  matpriaux 
( Tableau  n°I ) , 

Un  deuxiftme  comportement  peut  fttre  appr£ci£  par  la  production  du  toxique  majeur,  exprim^e  en  ppm  de  toxinue 


Aida  par  mg  da  materiau  at  par  litra  d'air  mia  an  Jau  (  ppm. mg-1 ,1-1 ).  La  comparaison  da  1 'action  daa  daux 
typaa  da  fours  conduit  aux  conatatatlona  auivantaa! 

□ana  la  caa  du  CO,  qual  qua  aolt  la  materiau,  lea  ecart-typas  aont  ralatlvamant  lmportanta,  montrant  qua  la 
prediction  da  ca  gaz  n'aat  paa  trta  reproductible,  qual  qua  aoit  la  four  employe.  Ellea  reatant  toutafoia 
du  mAme  ordre  da  grandeur  at  na  aont  paa  aignlficatlvemant  differantsa  qual  qua  aoit  la  mode  da  tharaolyae 
choiai,  aauf  dana  la  caa  du  PVC.  Dana  ce  dernier  caa,  la  production  d'HCl  eat  pour-tant  ldentlque  dana  laa 
daux  modes  da  degradation,  montrant  bien  la  danger  qua  ca  materiau  presents  aimplamant  an  fondant.  II  aat 
In  teres  sent  da  notar  qua  las  polyurethanes  aont  da  bona  foumiaaa ura  da  CO,  specialamant  avac  la  four  aasarvl 
5i,  avac  las  daux  fours,  la  PUS  foumit  laa  mlmea  concentrations  d'HCN,  ca  n'aat  pas  la  caa  avec  la  PUFWlg 
produisant  plua  da  toxiqua  dans  la  four  mobile. 


Materiau 

Paupliar 

PVC 

PUS 

Plfl-ig 

CritAre 

vltesae  da 

FM 

16,6  +  0,S 

16,6  +  0,5 

16,6  +  0,5 

16,6  +  0,5 

combustion 

-1  -1 
mg.g  .mn 

FA 

36,5  +  6 

136  +  3 

112  +  17 

94+5 

03 

FM 

140  +  21 

116+46 

92  +  35 

107  +  66 

-1  ,-1 
ppm. mg  .  1 

FA 

103  +  21 

30  +  9 

126  +  37 

177  +  30 

HCl 

FM 

250  +6 

-1  ^-1 
ppm. mg  .  1 

FA 

273  +  9 

HCN 

FM 

5,3  +  1,3 

19,7  +  4,5 

ppm/mg-1.  I-1 

FA 

7,5  +  1 ,4 

8,3  +  3 

Tableau  n°Ii  Vitasses  da  combustion  at  production  da  gaz  toxlquea  par  divers  materiaux  an  fonction  daa 
fours  employes  pour  laur  degradation  (  FM«  four  mobile  -  FA"  four  aasarvl). 

2 ,  Effeta  blologlquea. 

2.1_._(>it6raa  letaux^ 

C'aat  assan tlal lament  la  determination  das  CL 50  an  ventilation  spontanea  comma  an  ventilation  control Ae 
(  VS  at  VC),  laa  anlmsux  etant  exposes  au  four  mobile  pendaot  30  minutes.  La  rapport  das  valaurs  VS/VC  persist 
d'appreclar  la  risque  alveolaira  dO  aux  gaz  at  vapeurs;  a' 11  eat  inferiaur  &  1  la  defaillanca  vantllatolra 
aat  supprimea  par  la  ventilation  artlflclells  mala  la  tolerance  alveolaira  eat  bonne,  e'est  1  e  caa  da  CO. 

On  poas&de  alora  un  argument  therapautlqua  favorable.  Si  la  rapport  sat  superlaur  i  1  ,  la  risque  alveolaira 
eat  grand  quand  la  toxiqua  paut  attsindra  ca  nivaau,  c'aat  la  caa  d'HCl. 

Oana  la  caa  du  bois,  la  CO  axpliqua  bien  la  toxicite  observes,  ce  qui  n'aat  pas  vu  pour  lea  PU  at  le  PVC. 
O'eutras  toxlquea  doivant  alora  ttra  pris  an  consideration  (  Tableau  n*Il). 

2.2.  Criterss  aubietaux. 


.  Incapacitation!  caa  asaaia  ont  ete  manes  avac  daa  gaz  da  tharmolyaa  prodults  par  la  four  aasarvl 
aur  laa  aouria.  Nous  avons  conserve  pour  le  deiai  d'apparltion  da  1' Incapacitation  le  aigle  T1  (time  to 
incapacitation).  Le  Tableau  nsIII  montrs  qua  cetta  valeur  aat  plus  facile  A  assurer  qua  la  d  urAe  de  1' 
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Incapacitation  qul  pout  fttro  trfts  longue,  Mala  T1  aars  ax tr la— ant  long  char  la  tfteoin  at  done  difficile  ft 
■anipulor.  Par  contra,  1  /Ti  oat  ft  1* Invar sa  trfta  cotrt;  char  laa  anlaaux  exposfts  plua  Ti  aaro  petit,  plua 
1/T1  a«ra  grand  et  I'lncopacitation  forte. 


Ventilation 

Ventilation 

Rapport 

spontanfte 

control  ft  a 

VS/VC 

VS 

VC 

CO  ppm 

4100 

10000 

0,41 

HC1  ppm 

20000 

5500 

3,63 

HCN  ppm 

820 

380 

2,15 

Peupller  g/m 

37,5 

55,2 

0,68 

CO  -  4300 

CO  -  8800 

3 

PVC  g/m 

28,0 

15t0 

1,86 

CO  -  1000 

HC1  -  8000 

C0  •  400 

HC1  »  4000 

PUS  g/m3 

26,0 

17,5 

1  ,48 

CO  -  3300 

HCN  -  150 

CO  -  2200 

HCN  -  130 

a/"*3 

5,S 

7.2 

0,76 

CO  -  500 

HCN  -  140 

CO  -  1270 

HCN  -  65 

Tableau  n°II_ :  0L5Q  das  toxiques  mo jours  et  das  matftriaux  lour  donnant  nalssance  pour  des 
intoxications  do  30  mn  char  le  rat  placft  an  ventilation  contrOlfte  ou  laissft  an  ventilation 
spontanfte. 

Uno  deuxi&ma  approche  a  consists  ft  rechercher  la  concentration  do  produit  brfilft  dons  lea  atmospheres 
(an  g/m3)  provo quant  un  Ti  do  10  minutes,  Ainai  un  terms  do  comparoison  pout  fttro  trouvft  antra  lea  diffftrents 
matftriaux,  La  PUR-ig  ast  la  plus  incapacitant,  suivi  du  PIE  puis  la  bois  at  le  Pv/C  paralssant  nottonont  moins 
dangereux.  La  CO  eat  assaz  bian  raprftsentatif  da  la  toxicitft  du  bois,  mala  las  produita  da  thormolysa  das 
PU  sont  plus  toxiques  qua  l'HCN  qu'ils  gftnftrant.  La  cas  d'HCl  ast  difficlla  ft  interpreter  cor  ce  gar  ast 
facilamont  fi aft  par  la  corps  des  animaux  at  la  material  da  la  chambre  d * exposition ,  surtout  on  prftsenco  d' 
on  fort  degrft  hygromfttrique,  comma  c*est  gftnftralement  le  cas.  La  concentration  qui  incapacite  las  aolmaux 
samble  fttro  da  8000  ppm,  trfts  supftriaura  ft  calls  indults  par  las  produita  da  tharmolyae  du  PVC  dans  lesquals 
le  CO  dolt  prandra  sa  part,  Mais  an  fait,  la  toxicitft  da  ce  genre  da  ccmposft  s'axprima  terdlvamant  par  un 
oedftma  algu  pulmonaire  at  le  Ti  n’ast  pas  un  bontftmoin  do  ce  genre  da  pathologic. 


Tableau  n°III 

Ti  (  10  minutes) 
conc.taxiqua 

Durfte  do  1' 

incapacitation 

CO  ppm 

HCL  ppm 

HCNppm 

CO 

5600  ppm 

35  mine 

5600 

Poupliar 

40  g/m3 

60 

5000 

HC1 

8000  ppm 

mort  ppssible 

8000 

PVC 

69  g/m3 

45 

3200 

3400 

HCN 

205  ppm 

4n 

205 

PUB 

27  g/m3 

17 

3800 

120 

PUR-ig 

21  ,5  g/m3 

15 

4000 

155 
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.  Index  d» Intoxication  an  ventilation  contrfliea  fAW»  11  permat  d'apprtcler  la  toxicite  das  gaz  at 
vapaurs  adminiatrSa  par  tracheotomie  au  nlvaau  alvtolalra.  La  four  mobile  a  sarvi  da  genfirataur  da  prodults 
da  tnamolyse.  A  partlr  daa  Physiogrammea,  on  psut  dreamer  daa  courbaa  axprimant  la  AP  an  fonctlon  du 
twpa.  A  titra  d'exemple,  la  figure  n®3  fournlt  laa  courbaa  obtenuea  avec  laa  toxlquaa  majmjrs.  On  cons¬ 
tate  qua  la  recuperation  par ait  possible  Juaqu'4  5000  ppm  pour  la  CO,  qu'elle  eat  molns  bonne  mala  encore 
acceptable  pour  HCN  jusqu'4  220  ppm,  trts  mauvaise  pour  HC1  4  partlr  da  6000  ppm.  Pendent  1* intoxication, 

4  1 • inverse ,  laa  d£aordras  sont  grands  sous  CO  at  HCN,  faiblas  sous  HC1, 

On  paut  aussi  porter  lea  valaurs  duA^  an  fonction  da  concentrations  crolsaantea  da  CO  at  HCN  4  30  minu¬ 
tes  at  d'HCl  4  120  minutes  car  pour  ca  darnier  las  ph4nom4nes  toxlquaa  apparaiaaaot  plus  tard.  Si  1' evolu¬ 
tion  eat  progressiva  pour  la  CO,  il  y  a  une  articulation  netta  pour  HC1  4  5000  ppm  at  pour  HCN  4  210  ppm. 

0a  14  on  a  pu  calculer  las  X50  das  materlaux  an  ventilation  contrfiiea  at  l'on  paut  deflnir  une  valwr 
subietala,  la  diminution  da  50%  duAP  (  dita  AP50) .  Das  calculs  du  mftme  ordra  ont  ete  faits  pour  las 

toxiquas  majaurs  at  las  materlaux  choisis  at  las  resultats  sont  las  suivants: 

3  3  3 

PS0  pour  CO  •  3000ppm,  HCN  -  250  ppm,  HC1  -  5000  ppm,  Pouplier  -  50  g/m  ,  PVC  -  12  g/m  ,  Pie  •  27  g/m  , 
PUR-ig  -  21  , 5  g/m3. 

?500ppm 


Flours  n*3i  Index  d* intoxication  (AP%)  an  fonction  du  temps  ou  das  doses  da  toxiqua  4  partlr 
daa  phyalogrammee  determines  chsz  la  rat,  an  ventilation  contrfiiea. 


J 
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2.3._Intjrgrttatl°o. 

Nous  allons  done  aaintanant  tantar  d'utllisar  laa  rtsultats  obtanus  Jusqu'i  present  pour  obtanir  un  claa— 
aamant  objactlf  daa  matAriaux  an  rapranant  laa  valours  reap active*  mesurgea  dans  laa  5  cri  tires  sulvantai 
(1)  -  vltaaaa  do  combustion  -  (il)  .  DL5C  an  VS  -  (ill)  -  DL50  an  VC  -  (iv)  -  APSO  -  (v)  -  Ti  10  "in. 

En  tranafonaant  lea  valours  brutes  an  lours  valaura  centrias  rSdultos,  on  conalcfera  qua  las  variations  dans 
chaqua  variable  ont  la  mime  poida,  mala  an  a  adnds  qua  las  paramitras  choisia  4 talent  d'igala  Importance, 
at  las  hearts  observes  saront  an  accord  avac  las  rlaquea  reapactlfs,  Pulsquo  laa  valaura  las  plus  fortes 
sont  las  moina  dangarausas,  il  faut  changer  la  aigne  das  vitesaas  da  combustion  dont  laa  risquas  aont  d* 
autant  plus  grands  qu'alles  sont  ^levies.  Nous  adoptsrons  done  la  sequence  sulvantai  -(l)+(ll)+(lll)+(iv) 
+(v).  La  aoama  da  toua  cas  hearts  sera  done  representative  da  1' ensemble  daa  variations  anragistriaa  pour 
chaqua  entire.  La  Tableau  n*IV  resume  cas  donnlea.  La  classemant  obtanu  eat  la  suivant,  dans  l'ordre 


croissant  da  toxic! til  Paupliar  -  PVC  -  PUS  -  PUR-ig. 


Uatirlau 

Vitaasa  da 

0L  SO 

X  50 

P  50 

Ti(lOmn) 

combustion 

VS 

VC 

VC 

(I) 

(II) 

(III) 

(IV) 

(V) 

VALEUR6  SUITES 

mg • 0  #  mn 

g/"3 

g/»3 

g/™3 

g/m3 

Paupliar 

38, 5 

37,5 

55,2 

50 

48 

PVC 

136 

28 

15 

12 

69 

PUS 

119 

26 

17,5 

17 

27 

PUR-ig 

9d 

5,5 

7,2 

7 

21 ,5 

m 

96,4 

24,2 

23,7 

21,5 

41  ,3 

3 

43,4 

13,5 

21 ,4 

19,4 

21  ,7 

VALElflS  CENTREES  RED  LUTES 

21 

-(I) 

♦  (II) 

♦(III) 

+(iv) 

Paupliar 

+  1  ,38 

+  0,98 

+  1  ,47 

+  1  ,47 

+  5,61 

PVC 

-  0,91 

+  0,28 

-  0,40 

-  0,50 

-  0,26 

PUB 

-  0,52 

+  0,13 

-  0,30 

-  0,23 

-  1 ,58 

PLP-lg 

+  0,05 

-  1  ,36 

-  0,77 

-  0,75 

-  3,76 

Tableau  naIVi  Cloaaament  das  metiriaux  par  addition  das  valours  c entries  riduitas  das  variations 
obtanues  dans  5  variables  fondamantales  silactionnias  pour  Juger  da  risquas  dOs  i  das  matirlaux. 


3.  Comparalson  approfondla  da  deux  polyurethanes. 

Nous  vanons  da  voir  qua  les  entires  retenus  pricidammant  siparaient  bien  das  matiriaux  differ ants.  En 
mettant  an  Jau  un  nombra  plus  important  da  variables  notommant  biochimiques,  nous  allons  augmantar  la  pou- 
voir  da  discrimination  da  la  mithoda  anployant  les  valours  centries  riduitas  an  comparant  las  daux  poly¬ 
urethanes  choisis  (  PUS  at  PUR-lg)  &  laur  toxique  majaur  HCN.  Nous  avons  utilise  les  risultats  obtanus  lors 
d* intoxications  das  rats  an  ventilation  contrOlia  servant  i  la  determination  daa  Physlogrammes.  La  PUS 

3  3 

(17  g/m  )  at  la  PlW-ig  (7g/m  )  ont  ete  brOlia  dans  la  four  mobile  at  lours  produits  da  combustion  compares 
i  l'affat  d’una  atmosphere  contanant  150  ppm  d'HCN,  concentration  maximal a  da  ce  toxique  majaur  qua  css 
damlars  pou valent  contanir. 


i 
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Lm  variables  prlsaa  an  compte  pauvant  Itra  rattachAaa  4  pluslaura  compar timenta.  Lea  atmosphArea  toxlquea 
pAnAtrant  au  niveau  pulmonaire  oil  daux  variablea  aont  mssurAes,  laa  lAclthines  (l)  at  laa  protAlnaa  (P) 
daa  llquidea  da  lavage  alvAolaira.  Laa  toxlquea  pAnAto  ant  anauita  dana  la  aang,  deuxifeme  compartlment,  oil 
aont  astlmAea  troia  variablea ,  la  PQ^ ,  la  PCO^  at  la  pH.  Ila  aglaaant  anfln  au  niveau  daa  compartlments 
cellulalraa  ou  troia  variablea  aont  ratanuea,  la  frequence  da  l'EEG,  la  poula(ECG)  at  la  preaaion  arte¬ 
rial  la  (PA).  La  Tableau  n°v  rAunit  lea  valaura  brutaa  at  laura  valeura  cantrAaa  rAduitaa  corraapondantaa. 


Variables 

L 

P 

L/P 

^2 

PC02 

pH 

EEG 

ECG 

PA 

TAmolna 

71 

165 

0,43 

07,3 

42,3 

7,40 

17,3 

309 

142 

HCN  150  ppm 

71 

306 

0,10 

100,3 

43,6 

7,32 

17 

360 

140 

PUB  17  q/m3 

72 

440 

0,16 

59,9 

40,6 

7,13 

12 

260 

07 

(HCN  >110  ppm) 

PUR-lp  7  g/m3 

120 

040 

0,14 

105,4 

30,7 

7,27 

9,3 

200 

107 

m 

S3, 5 

450 

SB, 2 

41  ,3 

7,20 

13,9 

302 

121 

s 

24.: 

201 

20,3 

2,12 

0,11 

3,9 

00 

29 

VALEURS  cen  TREES  REDUITES 

TAmolna 

-  0,51 

-  1.04 

-  0,04 

+  0,47 

+  1,09 

+  0,07 

♦  0,99 

+  0,72 

HCN 

-  0,51 

-  0,25 

+  0,59 

+  1,00 

+  0,36 

+  0,79 

+  0,66 

+  0,93 

PUS 

-  0,47 

-  0,06 

-  1 ,39 

-  0,33 

-  1  ,36 

-  0,49 

-  0,40 

-  1.17 

PLP-lg 

1  ,5 

+  1  ,36 

+  0,04 

-  1  ,22 

-  0,09 

-  1  ,10 

-  1 ,16 

-  0,40 

Tableau  n°Vi  Moyamaa  daa  valaura  brutaa  daa  variablea  anragiatrAaa  4  30  minutes  chez  laa  rata  an  ventila¬ 
tion  contrClAa  lnt  oxlquAs  par  HCN  at  laa  produita  da  tharmolysa  da  2  polyurAthanaa  at  transformations  an 
valaura  cantrAaa  rAduitaa. 


C'aat  alora  qua  noua  pouvons  nous  lnspirar  da  l'indica  da  PEARSON,  dlt  teat  du^,^.  11  noua  permet  da 

chi ffrar  laa  Acarta  pour  laa  dlffAranta  produita  an  cpmparant  lea  variationa  das  valaura  cantrAaa  rAduitaa 

aoua  toxlque  dana  c ha qua  variable  par  rapport  au  t Amain  et  an  faiaant  la  aomme.  La  Tableau  n°VI  explicits 

las  rAaultata.  On  s'appergolt  qua  laa  daux  polyurAthanaa  aont  beaucoup  plus  dangareux  qua  l'HCN  qu'ila 

gAnArent.  La  comparaiaon  das  daux  matAriaux  antra  aux  eat  pour  1' instant  difficile  4  falre  par  unltA  da 

g/m3  mis  an  Jeu  car  la  test  da  'fj'  n'aat  pas  linAaire  et  11  n'eat  pas  acceptable  da  dlvlser  l'indica  global 

obtanu  par  le  nombra  da  g/m3  utillsAs.  II  faudra  Atabllr  una  table  personnalle  da  ces  indices  pour  autori- 

aar  una  tails  comparaiaon.  Toutefois,  la  PUS  (  17  g/m3)  parait  molna  dangareux  qua  la  PUR-ig  (7  g/m3). 

3 

Dane  cat  esprit,  deux  initiatives  pauvant  6tra  prises,  solt  de  comparer  una  sArle  da  matAriaux  A  g/m 

3  v2 

ldantlquaa,  solt  dAflnir  lea  g/m  acceptables  4  Agaux. 

Una  dauxl&ma  considAration  est  importante.  Las  indices  partiels  obtenus  dans  cheque  compartiment  nous  mon- 
trant  qua  pourdea  affata  phyaiologiquea  comparablas  (7,19  pour  la  PUS  at  9,01  pour  le  PLFt-ig),  la  mousse 
rlglde  provoque  de  grandas  perturbations  au  niveau  das  poumons  (indice  13,45),  ca  qui  est  un  mauvaia  pro- 
nostlc  comparAe  4  la  mousse  souple  (indice  0,99).  Par  contra,  cette  derniAre  entrains  davantaga  de  pertur¬ 
bations  sanguines  (  indies  59,42  au  liau  da  26,7).  0a  plus,  an  examinant  las  indices  obtenus  pour  chaqua 
variable,  on  volt  trAs  clairemant  lea  liaisons  qui  pauvant  exlster  entre  las  diffArentas  perturbations. 
Dane  le  ces  d'HCN,  seula  la  P0?  eat  slgnificatlvemant  modifiAe.  Oi  connait  bien  l'action  lnhlbitrice  da  ce 
toxlque  sur  la  consomme t Ion  d'oxygAne  cellulaire. 


i 
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Oana  la  caa  du  PUB,  la  revAtamant  alvAolaira  n’aat  pratlquaaant  paa  altArA.  Par  cm. era,  la  P0?  aat  tria 
affectAe  at  la  pH  an  aublt  laa  conaAquancaa.  La  rAparcuaaion  phyalologlqua  principal a  aa  fait  alora  aur  la 
prasaio n  artArlelle.  Dana  la  caa  du  PLF-ig ,  1 'alteration  pulaonalra  aat  flagranta.  L'Aqui libra  PQ^/PCQ^ 
aat  algnlflcatl vamant  perturbA,  an  accord  avac  1* at taint a  alvAolaira  qul  dArAgle  laa  Ac  hang  aa  gazaux#  Laa 
conaAquancaa  phyalologiquaa,  aur tout  c antra laa,  aont  nattaa. 


INDICES  PAR  VARIABLE 

(calcuIAa  aur  laa  valaura  cantrAea  rAdultea) 

L  P 

P02  PC02  pH 

EEG  ECG  PA 

Indies  global 

HCN 

0  0,6 

_9X92  _  0,79  0,49 

0,007  2,75  0,06 

14,62 

PUS 

0,003  0,92 

45.56  1,36  5,5 

2,12  0,11  4,96_ 

60,53 

PlF-ig 

7,92_  5,53_ 

19,36  6, 07_  1 ,27 

4,63_  2, IB  2,0 

49,16 

INDICES  PARTmS 

Pomona 

Sang 

O-ganea 

Z  (Lap) 

£  (POj  +  PC02  +pH) 

£  (EEG  ♦  ECG  +  PA) 

HCN 

0,6 

11.2 

2,82 

PUS 

0.92 

52,42 

7,19 

Plfl-ig 

13,45 

26,7 

9,01 

lablaau  n»VIi  Calculs  daa  Acarts  aur  la  principe  da  1  *  indice  da  PEWSON  [taat  du^-^  )  antra  HCN 
at  las  daux  mousses  da  PolyurAthanaa  par  rapport  aux  tAmoina  an  function  da  dlffArantaa  variables 
blologlquaa. 


CONCLUSIONS 


Oa  no mbr Buses  mAthodea  an  laboratolra  da  la  toxlcltA  daa  produl ts  da  conbustlon  daa  isatAriaux  ont  AtA  Jua- 
ou'A  prAsant  propoaAaa.  Laa  aodftlea  fau  aont  variAs,  daa  plua  simples  comna  laa  fours  flxaa  (  CCPNISH, 2) 

A  da  plua  AlaborAa  cormm  la  chambra  NB6  (M0RECI.3-  EINH0RN.4).  OETTEL  et  H0F»»AN(5)  ont  praposA  la  four 
mobile  qua  nous  avona  utlllsA,  O'un  autre  cfitA,  praaqua  tous  las  aasals  font  appal  A  das  anlmaux , la  plua 
frAquamaant  rata  at  aourls,  qualquafols  daa  laplna.  Lea  crltArea  d* Intoxication  aont  tr*e  varlablaa,  C'aat 
aouvant  la  CL  50  (  KIHSEfLE ,  6  -  CORNISH, 2  -  HERPCL.7),  Oas  crltArea  aublAtaux  aont  Age  lament  anvleagAa  tala 
qua  la  dApraaalon  vantllatoira  (  ALARIE.S),  un  rAflexa  d* Avlteeiant  condltlonnA  (PACKHAM.9),  un  taa^a  d* 
Incapacitation  (  CRANE, 10)  on  cage  A  Acuraull ,  laa  modifications  da  l'ECG  (GAUME.il).  Nous  avona  dAJA  pro- 
poaA  one  isAthodologle  baaAa  aur  daa  dA terminations  phyalologiquaa  at  blochlaiquaa  choz  lea  anlmaux  trecbAo- 
tomiaAa  (Phyalograiaea)  (  TRIHAUT ,  1 2  -  J  OJA  NY,  13). 


La  but  do  ca  travail  a  AtA  doubla.  D'abord  aaaayar,  da  fagon  almpla,  da  prandTo  an  coevte  un  nonfcf a  aaaaz 
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<lsv4  da  variables,  an  laa  hi.4rarcM.aant  an  fonction  da  lan  signif icatlone ,  puls  an  tranaforaant  las  val- 
atrs  brutaa  an  valaurs  can tries  rSduitss  paraattant  das  eoaparaisona  1 nter-verlabl as ,  puis  laur  aaaoclatlon 
dana  un  index  global  condulaant  k  une  possibility  da  claaaaaant  das  mxtSrleux.  L’emplol  da  l'lndica  da  PEAR¬ 
SON  (ft  )  sur  laa  valaurs  can tries  ridultsa  augaanta  la  pouvolr  dlscrlaant  antra  aatdrieux  volslns.  Mala 
il  a  aueai  l'avantaga  da  blan  aettra  an  4vi dance  daa  relations  antra  cartaines  variables  prlvil6glAea,  ao- 
torlsant  ainai  certainae  intarpritatlona. 

Enauita,  caa  aaaaia  chare Sent  k  ilaborv  una  aithodologla  relatlvement  alapla  aals  D tenant  an  coopts  plu- 
aiaurs  paramStres  fondamanteux  lndiapanaablsa.  Ainai,  la  four  aasarv 1  apporte  un  AlAeant  da  Jugament  impor¬ 
tant  qui  ast  la  vitasaa  da  combustion  das  matArlaux.  Laa  intoxications  daa  animaux  sont  par  alllaiara  boau— 
cos plus  rAguliSrea.  La  ms  sura  d'un  tamps  d* incapacitation  via  la  aismographa  proposi  ast  facile  A  matvra 
an  oauvra  at  psrmet  auasl  la  ditansination  daa  0L50.  L 'analyse  das  llquides  da  lavage  pulnonalre  donna 
da  bonnes  Indications  pronoatlquas  at  parait  devoir  itra  ayatAmatiquamant  IntAgrAe. 
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14. Abstract 

The  aviation  environment  has  always  contained  many  toxic  materials  and  products.  Wi'h 
the  evolution  of  more  advanced  aircraft  propulsion  mechanisms,  specialised  aircraft  material 
development  and  associated  maintenance  activities,  there  has  been  a  major  increase  in  the 
potential  toxic  hazards  associated  with  these  systems.  The  threat  of  toxic  exposure  covers 
the  entire  spectrum  of  low-level  continuous  or  intermittent  to  high-level  brief  accidental  or 
unavoidable  exposures. 

However,  the  protection  of  the  crew  and  passengers  is  not  the  only  concern  in  dealing  with 
the  toxic  hazards  in  aviation.  Responsibilities  include  research  to  address  the  biomedical 
aspects  of  occupational  health  and  safety  standards,  toxic  substances,  environmental  impact 
criteria  and  classification  of  transportation. 
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